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SCOPE

The purposeof this energy conservationstudy is to define and ana-
lyze the high energy-consuming processes in various types of foundries
located throughout California.

The study entitled "Energy Conservation in the Cast Metals Industry
of California" will be presented in two separate volumes, namely:

• Volume I: Energy Conservation in California Foundries

• Volume II: Energy Management Workbook

Volume I will be broken down into three subsections as follows:

• Section I: Discussion of what can be done to conserve energy
and/or reduceenergy costs.

• Section II: How to set up an in-house energy audit and evalu-
ation of results.

• Section Ill: Energy analysis of nine selected foundries.

Volume II will contain all necessary tables, charts, and graphs for
use by the CAST METALS INDUSTRY in conducting an in-house energy audit,
and by utilization of the mathematical models developed in Volume I -
Section II, establish energy- and cost-saving procedures together with
"return on investment" analysis for high capital cost changes. Identifi-
cation of energy,savings presented in this study will be addressed on a
capital cost priority basis and will be itemized as:

• No Cost

• Low Cost (maximum $5,000 capital investment)

• Medium Cost (maximum $25,000 capital investment)

• High Cost (over $25,000 capital investment)

Applicablefoundry operationsanalyzedin this study relate to:

A. Ferrous Foundries

I. Steel - carbon and alloy

2. Iron - gray, ductile and alloy

3. Malleable iron

K & G
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B. Nonferrous Foundries

1. Aluminum

2. Copper base alloy

To protect the identity of the nine foundries selected for the energy
management analysis, the following code will be utilized:

• Foundry"A": Malleable iron foundry located in Northern Cali-
fornia and producing 1,530 net good tons of cast-
ings/year.

• Foundry "B": Gray iron and ductile iron foundry located in
Northern California and producing 6,407 net good
tons of castings/year.

• Foundry "C": Ductile iron foundry locatedin northern Califor-
nia and producing 2,520 net good tons of cast-
ings/year.

• Foundry "D": An investment casting facility located in Northern
California and producing 500 net good tons of
castings/year.

• Foundry "E": Steel foundry located in Southern California and
producing3,578 net good tons of castings/year.

• Foundry "F": Manufacturer of steel alloy ingot located in
Southern California and producing 9,600 net good
tons of ingot/year.

• Foundry "G": Aluminum foundry located in Southern California
and producing133 net good tons of castings/year.

• Foundry "H": Brass foundry, located in Southern California and
producing87 netgood tons of castings/year.

• Foundry "I": Brass foundry, located ih Southern California and
producing780 net good tons of castings/year.

!



INTRODUCTION

Foundries participating in the AFS - CMF energy reporting program
continue to show progress in reducing the amount of energy required to
produce a ton of net good castings. Increased energy cost and the avail°
ability of fossil fuels have provided an incentive to curb waste and to
utilize purchased energy wisely. Energy costs now approach and sometimes
exceed 6% of the sales dollar in the majority of foundries. Proposed cost
increases for natural gas and electrical energy strongly indicates that
energy costs may soon approach 10% of the sales dollar. According to the
American Foundry Society, energy usage reports submitted by participating
foundries show that the rate of energy use reduction is slowly decreasing.
The following chart illustrates this trend._/

RATE OF ENERGY USAGE

1972 1973 1974J1975 1976 1977 1978t]979
Steel 26.69 25.05 23.89 22.73 22.44 21.36 20,37 19.47

Gray, Ductile I

& A11oy 12,35 If.71 ]2.04 If.80 11.58 10.72 10.90 I0.58

Malleable 19.58 18.05 17.89 19.96 19,95 21.70 23.11 22.16

Aluminum 48.61 39.87 50.96 36.78 21.88 35.68 29.14 30.73

Copper 24.00 27.32 25.67 ]6.71 20.20) 20.73 26.79 16.55

NOTE: Above figures are 106Btu,s/net good ton I

Even though the 1979 figures show a marked reduction in energy re- !
quirements in producing a ton of finished castings (with the exception of
the malleable iron foundries) over the 1972 data base, the foundry in-
dustry must find additional areas where energy can be conserved - this is
imperative in the coming years as our proven energy resources dwindle and
costs skyrocket.

The average foundry consumes approximately 70 to 80% of its total
energy input in three principal areas of operation:

• Melting operations

• Heat treat operations

• Ladle heating operations

_/Extraction from Modern Castings June 1980.
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Areas of secondary importance for energy reduction measures are:

• Cleaning and finishing operations

• Mold and core making

• Pouring and shake-out

• Sand reclaim system

• Dust and fume collection

• Compressed air systems

• Heating, ventilation and air conditioning systems

• Process cooling water systems

• Domestic hot water heating systems

Additional areas where energy conservation measures may be utilized:

• Building lighting systems

• Building weatherproofing

• System shut down during nonproduction periods

• Improvement in preventive maintenance programs

Long term process changes for significant energy reduction measures
are:

• Scrap preheating

• Increasing yield

• Reduction in casting weight

• Reduction in holding furnace operation

• Preheating of castings

• Cogeneration systems

As stated above, approximately 70 to 80% of a foundry's energy input
is consumedby melting, heat treat and ladle heatingoperations. Invest-
ment casting facilities and foundries in colder climates of California,
however, would reduce this percentage due to the relatively large amounts
of energy consumed for large process air conditioning systems and make-up
air ventil ation systems.

i
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The following is a typical example of the energy mix and annual
consumption rates in a steel foundry located in California:

Item Btu's per yr (x 106) % overall energy

Natural Gas

Heattreat 30,180 42 _ I,4 CA.

Lad1• heating 16,490 23 ,_v--t/
Core drying and misc. gas 681 1

Subtotal 47,351

Electricit,y
Arc furnace (5 tons) 13,000 18 I4 _)

Inductionfurnace (250 kW) 1,000 1.5
Lighting 750 1.0 I '

Major motors 7,000 10 D

Misc. Electrical 3,000 3.5 _

Subtotal 24,750 100

Foundrytotal 72,101 C/I"

NOTE: Above figures not applicable to nonferrous operaticns.

The above figuresare purely hypotheticalfrom the standpointof
yearly energy consumedby variousprocesses;the overallenergy utili-
zation percentages are fairly representative of a steel foundry opera-
tion. The energy mix is approximately 66% gas and 34% electricity.

Based on the above observations this energy conservation study will
address the three primary energy consuming processes, as previously men-
tioned, namely,metal melting,heat treating and ladle preheating. An in-
depth energymanagementanalysiswill be performed,by utilizinghypo-
theticalmathematicalmodels, to illustratethe potentialenergy savings
and energy cost reductionmeasures possibleby modificationof existing
equipmentand/orchangingbasic processoperations.

The principalareas for the "in depth" analysiswill be as follows:

A. Gas Consumin9 Equipment

I. Heat treat furnaces:

(a) Installation of recuperators to preheat combustion air.

(b) Changing of burner system from atmospheric type to
sealed - pressureregulatedburners.

(c) Upgrading of heat treat furnaces to eliminate cracks
and openings.

b

(d) Change conventional fire brick to ceramic fiber liners.

>-;_ G ._5_ []



2. Crucible or reverberatory furnaces:

(a) Installation of recuperators to preheat combustion air.

(b) Change burner system.

(c) Replace castable refractory with vacuum - formed cer-
amic fiber.

(d) Provide charge access covers while furnace is in a
holding mode.

(e) Install electric melt furnaces.

3. Ladle heating:

(a) Change burner from atmospheric to gas and compressed
air with regulators.

(b) Install insulated covers

(c) Add insulation

(d) Change to electric ladle heating

B. Coke ConsLm_ing Equipment (Cupola)

i. Twin blast lined cupola

2. Hot blast lined cupola with recuperation

3. Hot blast water cooled cupola with recuperation and gas
afterburners

4. Oxygen enriched cupolas

C. Electrical Consuming Equipment

i. Electric Arc Melting Furnace

(a) Off-peak melting

(b) Controlling demand

(c) Maximizing heat transfer

(d) Load management and optimization

(e) Installing water cooled blocks



2. Induction Furnace Melting (Coreless)

(a} Off-peakmelting

(b) Improveoperationalmethoas

(c) Improved furnace design

(d) Oxygen-fuel assisted melting

(e) Water cooling heat recovery

(f) Maximization of melting capacity

3. Induction Furnace Melting (Channel)

(a) Off-peak melting

(b) Improve furnace design

(c) Water cooling heat recovery

Energy conservation associated with other foundry processes (i.e.,
those that collectively represent approximately 20% of total energy in-
put} will be discussed briefly; no attempt will be made to quantify
possible energy savings.

PERFORMING AN "IN-HOUSE" ENERGY AUDIT

An efficient energy management program can only be implemented suc-
cessfully if energy consumption habits of various foundry equipment is
identified and recorded in a logical and workable format.

The results of active energy management is improved energy utiliza-
tion; this invariably pays off in dollars, as well as making a major
contribution to the national drive towards energy conservation.

To effect this resultmanagementshould implementthe following pro-
cedures:

1. Understand the plant's energy services and organize for day-to-
day control.

2. Cost the energy services to determine incentives for potential
profit.

3. Apply the same basic business principles to energy services that
are used for other materials and supplies.

4. Encourage a long range energy plan that fits future plans of the
foundry.

5. Initiate regular performance reports on energy usage.



Before the above work assignmentscan be put into effect,a compre-
hensive plant energy audit must be conducted. The following is a step by
step procedurefor an "in-house"audit.

1. Analyze gas, electricityand miscellaneousfuel bills for the
past 12 months and convert all energy information into Btu's;
use the followingconversionfigures to accomplishthis:

• ] kwh = 3,412 Btu's

• 1 MCF natural gas = 1,000,000 Btu's

• 1 pound coke = 12,500 Btu's

• 1 gallon of propane= 91,600 Btu's

While tabulatingannua]consumptionof energysourcesinto Btu's
and dollars, an attempt should be made to determinewhich de-
partmentsuse how many Btu's of which fuel type (installationof
in-house metering is essential for accurate data - See Section
I, Part B, page B-4 for further information).

2. Analyze and recordproductionschedulesfor the same time frame
used for energy consumption. Total number of units in pounds
produced by each department and the entire foundry should be
recorded, also on a month to month basis. Make sure all infor-
mation is recorded in units or weight and not a combinationof
both.

3. Physically inspect all equipment and identify systems or pro-
cesseswhich are wasting energy and offer the best cost effec-
tive energy program. To determine equipment efficiencies, the
following data should be recorded:

(a) Total running time of equipment per day

(b) Hourlyenergyconsumptionconvertedto Btu's

(c)Operatingtemperatures

(d) Flue and stack temperatures

(e) Flue and stack airflowrates

(f) Combustiondata: IE; C02 content of flue gas

(g) Type and model numberof gas burners

(h) Ancillary motor horsepowers

(i) Material through-put in pounds

(j) Electricaldemand profile and power factors

L



4. Utilization of data gathered under items 1, 2, and 3 will be suf-
ficient to calculate;

• Available heat to do useful work

• Efficiency of equipment

• Available heat for reclaimation

• Electric power utilization and efficiency

• Percent energy savings

Section II will show examples of how to construct an energy flow
diagram by utilization of mathematical models. Also, Section II will
illustrate the necessary procedures required to calculate potential
energy savings.

Construction of energy flow diagrams for various equipment processes
will identify which areas offer the greatest energy saving potential. The
final step is to make an economic evaluation in order to calculate the
return on investment for capital improvements. Return on investment
(R01) will require the following input information.

• First Cost (Capital Expenditure).....FC

• Annual Operating Costs .............. A0C

• Annual Fuel Savings .................. AFS

• Projected Fuel Price ................ PFP

• Estimated Life Time in Years.........EL

A simple method for economic analysis is to calculate the payback
period; this method utilizes the above basic data and will be used in this
study.

_.KaG -9- []
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PART A

ELECTRICALPOWER

USE IN FOUNDRIES

As stated previously the typical usage of electrical energy in a
steel foundry amounts to approximately 34% of the total energy used.
The percentagecould be much higher in foundriesengaged in around the
clock electric melting and minimal heat treat operations. Nonferrous
foundries,on the other hand, will utilizeless than 34% of electrical
energy due to heavy gas melting.

Electricalenergy is used in the followingfoundry operations:

• Melting metal

• Holding melted metal

• Transporting melted metal

• Transporting sand

• Transporting cores and molds

• Cleaning and finishing

• Environmental control

• Miscellaneousequipment

• Lighting

ELECTRICAL TERMINOLOGY

In this section reference will be made to various electrical

units; to enable an understanding of each unit, the following identifi-
cation is provided:

Pressure-Volt; The volt, the pressure or potential differ-
ence requiredto produceohe ampere in a re-
sistance of one ohm. 1 kilo-volt (kv) =
I,000 volts.

Quantity-Coulomb; The quantity of electricity conveyed by one
ampere flowing for one second. Ampere hour,
one amperefor one hour.

_KaG A-1 []



Power-Watt; The watt is the power flow with a steady cur-
rent of one ampere at a pressure of one volt.
The kilowatt (kw) = 1,000 watts. One horse-
power = 746 watts.

Energy-Joule; The joule is the energy conveyed by one watt
during one second, the kilowatt hour (kwh) is
one kilowatt flowing for one hour.

Capacitance-Farad; The farad is the electrostatic capacitance
which will hold a charge at a pressure of one
volt.

Current-Ampere; The ampere, the rate of flow of a unvarying
electric current.

Volt-Ampere; The product of the rated load amperes and the
rated range of regulation in kilovolts (kva).

READING THE BILL

The cost of purchasing electrical power from the utility companies
is derived from four major factors; they are, energy charge, fuel-
adjustment charge, demand charge, and low power factor penalty.

Other incidental items which affect the power charges are, character
of service, service voltage, and equipment charges - these are fixea
char ges.

ELECTRIC BILL TERMINOLOGY

Example of a Typical 1979 Bill

BILLING KILOWATI-}IDURMETER NO. KILOTWATT-HOURMETER MO. I

P_o. TO FROMTo UFRO.TO"FRO,,TOI ..... II
0 _ 05124 06125 135, 1415 756,000 I105124_06 ;2-'_0941 09B1 , 4BU.DOUII

coNsTA,,s:I,OOOI,oooe,, e ,3
MAXIMUM _ TOTAL KWH 756,000 YEAR 1979 TOTAL KVARH 480,000
DEHAND: 3840

RATE SCHEDULE

DEMAND:REACTIVE 2438 Q _ INCL. STATE TAX @ I CENT/IO0 KWH A-7 Q

DEMAND CUSTOMER OR A
SERVICE CHARGE: 3,615.70LP
ENERGY CHARGE: (_ 29,010.33

G GROSS SERVICE ADDRESS
BILL: 32,626.03

VO6TAGE DISCOUNT:

POWER FACTOR _ PREVIOUS BALANCE
ADJUSTMENT: _ 706.77 CR. DEPOSIT REFUND

G NET BILL: Q 26B.3D CR. AMOUNT DUE: 31.652.B8 _ '
31,652.88

#

D
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F LlJ The utilityrate scheduleA-7 is the key to analyzingthe elec-
V

tric bill. It is normally included as part of the contract.

Q The used in kilowatt-hours is determined
energy expressed (KWHI

by the difference of two monthly meter readings times the bill-

ing constant [,_.

The billing constants _ and [_] are also described as "Meter

Multipliers". They are determined by the product of the current

and potentialtransformerratios installedat the particularlo-

cati on.

Q The reactive used, sometimescalled "wattless
power power", ex-

pressed in reactive kilowatt ampere hours (KVARH) is determined

from a separate reactive meter similar to the KWH meter_2_above.

This power is required to magnetize the steel cores of motors and

transformers. It is not registered on the KWH meter.

Q maximum demand in kilowatts for the current month is read
The

from a separate register on the KWH meter. The value is the

largest quantity of kilowatts consumed in the 30-minute inter-

vals during the month.

reactivedemand in is calculatedfrom the formula
The KVAR

KVAR = KW (KVARH/KWH).

billing the averageof the maximum demand the
The demand is for

past 11 months and the current month's demand. The minimum is

half of the past 11-month value.

Q Date and time span of the current billing.

The service charge, as specified in the rate schedule, is based

on the billing demand item Q and the service charge, is also
used as the minimum billing if the energy usage falls to a low

value.

K a G A-3 []



ene_q_charge is based on the kilowatthours used
The electrical

as shown in item _ . Certain adjustments are made to the
energy charge determined from the meter readings as follows:

a) Energy cost adjustment known as "ECAC" varies with the
change in fuel cost to the utility.

b) Fuel balancefactor usuallyis a credit.

c) Load management factor.

d) State tax as indicated on the monthly bill.

Q The gross bill is the summationof items_and_'_.

voltage discount is available for services that are metered
The

on the high voltage or primary side of the power company trans-

former. This discount is made to compensate for the utilityA

transformer losses which are now included in itemC.2_.

power adjustmentmay be a penalty_ a discountde-
The factor

pendingon the amountof reactivepower, item3L,3_ required by a
plant. Power factor is defined as the ratio of the kW to KVA,

sometimes stated as the ratio of "real power to the apparent

power", this value is not read directly from the utility meters

but must be calculated. A simplermethod,using a hand calcula-

tor, is to solve as a right angle triangle where power factor

(PF) = KW/KVA = KWH/RKVAH

RKVAH = (KWH)2 + (RKVAH)2

This month'sPF = 756,000/ (756,000)2 + (480,000)2 = 0.849

%PF = 100(0.849) = 85. % Power Factor

On this rate schedule a power factor over 70.7% provides a cre-

dit; below a penalty, however, other utilities may use a dif-

ferent break even point - 85% is used by many.

J
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T
L_] City tax where applicable."

Net bill is the s:,w,,ationof all of the above charges, adjust-
ments, and credits.

THE ENERGY CHARGE

Energy charge is based on the number of kilowatt hours (kWh) used
during the billing cycle. The total kilowatt hours are multiplied by
the energy charge for total energy billing. The energycharges can vary

with the type of servilc/e, voltage, and energy consumption. The typical
energy rate schedules-' are as follows:

1. General service schedule which is applied to electrical load
demand of up to 8,000 (kWh) kilowatt hours per month. Thus a non-demand
charge schedule, the cost of energy and demand are one charge.

2. Rate schedule A-12 is applied to electrical load demand of 30
to 1,000 kilowatt (kW) of demand per month. This schedule has an energy
charge, fuel-adjustment charge, demand charge, and low power factor
penal ty.

3. Rate schedule A-22 is applied to electrical load demands of
1,000 to 4,000 kilowatt (kW) of demand per month. This schedule has an
energy charge, fuel-adjustment charge, demand charge, and low power
factor penalty. This rate schedule has a "time of day" billing rate for
energy and demand for both s:,w,,er and winter. The summertime hour
periods are from 1 May to 30 September; the energy and demand charges
change between the following hours:

• Peak hours - 12:30 pm to 6:30 pm : 6 hours

• Partial peak hours - 8:30 am to 12:30 pm = 4 hours

• Partial peak hours - 6:30 pm to 10:30 pm : 4 hours

• Off peak hours - 10:30 pm to 8:30 am : 10 hours

The wintertime hour periods are from I October to 30 April; the
energy and demand charges change between the fo.llowing hours:

• On peak hours - 4:30 pm to 8:30 pm : 4 hours

• Partial peak hours - 8:30 am to 4:30 pm : 8 hours

• Partial peak hours - 8:30 pm to 10:30 pm : 2 hours

• Off peak hours - 10:30 pm to 8:30 am : 10 hours

_/Applicable to PG&E - Northern California only.
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4. Rate schedule A-23 is applied to electrical load demands of
4,000 and above kilowatts (kW) of demand per month. All other charges
and "time of day" billing hours and periods are the same as rate sche-
dule A-22. Additional rates are available for the purchase of supply
voltage of 4,500 or 12,000 volts, this schedule provides for a high
voltage discount of the total energy and demand charges.

THE FUEL-ADJUSTMENT CHARGE

This charge is tied directly to the energy charge and can only be
reduced by a reduction in overall energy usage. The fuel-adjustment
charge permits the utility companies to adjust the total cost for pro-
ducing energy due to increased fuel costs, without making a request for a
rate increase.

THE DEMAND CHARGE

This charge compensates the utility company for the capital in-
vestment required to serve peak loads, even if that peak load is only
used for a few hours per week or month. The demand is measured in
kilowatts (kW) or kilovolt amperes (kVA); these units are directly
related to the amount of energy consumed in a given time interval of the
billing period. The demand periods vary with the type of energy demand;
the high fluctuating demand has a short demand period which can be as
short as five minutes, but generally demand periods are of 15 or 30
minutes. The period with the highest demand is the one used for billing
demand charges. For instance, on a 15-minute demand period with a 70
kilowatt demand, and then adding a further 70 kilowatt demand for 15
minutes and then dropping back to 70 kilowatts for the rest of the
billing period, the billing demand then is 140 kilowatts for that month.
This represents the interval of maximum energy demand from the utility
system for that month. Demand charges can be a significant portion of
the total electrical bill; in some cases, demand charges can amount to
as much as 80 percent of the bill. The demand charge can be reduced by
smoothing out the peaks in energy demand by rescheduling of work or
through a demand control program to shed loads when a demand limit is
approached.

POWER FACTOR

Power factor, in simple terms, is the ratio of actual power used in a
circuit, expressed in watts or kilowatts, to the power which is appar-
ently being drawn from the line, expressed in volt-amperes or kilovolt
amperes. Mathematically, power factor is expressea as

KW
PF = IT_TAor KVA x PF = KW

-- p
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Power factor can also be defined as the factor to multiply apparent

power in order to obtain active power. For example: Assume a load on a
480 volt 3-phase system,the ammeter indicates200 amps and the watt-
meter rea_s 120 KW - What is the power factor of the load?

The apparent power for a 3 phase circuit is given by the expres-
sion;

! ExIx 1.73
KVA: I000

= 480 volts x 200 amps x 1.73 = 290.6 KVA1000

KW 120
Therefore: PF =_or_-_j-(_.6 = 41.2%

From the above example it is apparent that by decreasing the power
drawn from the line (kVA) the power factor can be increased.

POWER FACTOR IMPROVEMENT

Preventive measures involve selecting high-power-factor equipment.
0nly high-power-factor ballasts should be used for fluorescent and
high-intensity-discharge (HID) lighting. Power factor of so-called nor-
mal-power-factor ballasts is notoriously low, on the order of 40 to 55
percent.

When induction motors are being selected, the manufacturer's motor
data should be investigated to determine the motor power factor at full
load. In the past few years, some motor manufacturers have introduced
premium lines of high-efficiency, high-power-factor motors. In some
cases, the savings on power factor alone can justify the premium prices
charged for such motors. Motors should also be sized to operate as
closely as possible to full load, because power factor of an induction
motor suffers severely at light loads. Power factor decreases because
the inductive component of current that provides the magnetizing force,
necessary for motor operation, remains virtually constant from no load
to full load, but the in-phasecurrentcomponentthat actuallydelivers
work varies almost directly with motor loading.

Corrective measures for poor power factor involve canceling the
lagging current component with current that leads the applied voltage.
This cancellationcan be done with power-fact0r-improvementcapacitors,
or by using synchronous motors. Capacitors have the effect of absorbing
reactive current on a one-to-one basis, because almost all of the current
flowing through a capacitor leads the applied voltage by 90 deg. A
capacitor rated at 100 kilovolt-amperes capacitive (kvac) will, there-
fore, cancel 100 Kilovolt-amperesreactive (kvar).
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Synchronous motors provide an effective method of improving power
factor because they can be operated at leading power factor. Moreover,
power factor of a synchronous motor can be varied by varying the d-c
excitation applied to the motor. To be effective in improving power
factor remember,a s3mchronousmotor cannot be applied to intermittent
loads, because overall plant power factor will decrease when the motor is
not in service.

A synchronousmotor can be used in lieu of an inductionmotor, with,
a resulting improvement in power factor. In this example, using a
synchronous motor to serve a load with actual power requirements of 1,000
kW, improves power factor on the load center from 80 percent to 89 per-
cent. This improvement at the load center contributes to an improvement
in overall plant power factor, thereby reducing the power factor penalty
on the plant electric bill. The burden on the load center, plant distri-
bution system, and entire electric-utility system is 400 kVA less than if
an induction motor with a power factor of 85 percent were used. Power
factor can be improved still more by operating the synchronous motor at
Iead ing power f actor.

POWER DEMAND CONTROLS

The power demand controller automatically regulates or limits oper-
ation in order to prevent set maximum demands from being exceeded. The
role of such a power demand controller has been widely recognized, the.
"time of day" billing rates will make it far more necessary in the
future. The type of controller best suited to a foundry operation is
that which will predetermine the demand limit and the demand interval.

The overall usage of power is constantly monitored from the power
company meter, the power usage of all the controlled loads is also
monitored. By having this information the controller can calculate when
an overrun of the desireddemand limit will occur. The controllerwill
delay any shed action to allow time for loads to shed normally. When it
is determined that it will be necessary to shed one or more loads, to
keep from exceeding the demand, the controller at the last possible
moment will shed the necessary loads. This means that shedding will
occur only once during a demand interval and maximum use of available
power will be realized.

DEMAND SHIFTING

Due to the lack of availability and the increased cost of natural
gas and petroleum products, industry has come to rely on electrical
power as an alternate source of energy. The use of electrical energy
has increased at a greater rate than was anticipated and therefore a
critical shortage has also been created. This is particularly true
during the normal working day hours. Over the past few years this
condition has caused situations known as "brown-outs", which is con-
trolledcurtailmentofpower.



Even with power companies doing their best to cope with the problem
by building new generating stations, installing additional equipment in
existing facilities, and operating all equipment at maximum capacity,
they still have not been able to keep up with the rapid growth in the
demand for electrical energy.

The demand for electrical energy is not constant, but occurs in
peaks and valleys. Power companies are obligated to have enough equip-
ment available to meet a customer's peak demand, even though this equip-
ment is only used during the peak periods and is not in use during most
of the working day. In order to finance the equipment necessary to
provide this peak demand service for industrial users,.the power demand
charge was created.

In some localities this high demand rate is the rate which is paid
for the next year, even if it is never reached again. The price paid
for power demand is very high.

With the peaks and valleys in electrical demand, caused by elec-
trical melting during the normal work day, maximum demand peaks should
be controlled by sequencing the furnace's operation and maximum power
input to each furnace. By applying this procedure, the revised oper-
ation would level out the peak demands and produce a flat demand profile
duringnormal day timemelting. With this melting operationthe "Load
Factor" would be improved, thus preventing high maximum demand peaks,
which are developed through all furnace's operating on full power at the
same time. (See Figures 1 and 2 for comparison.)

OFF-PEAK MELTING

With the revised billing methods of "time of day" rates being
adopted by the electrical utility companies, any energy user of 1,000
kilowatts (kW) or over of demand, each month, will be billed on the
"time of day" billing rate schedule. It will be noted from the schedule
that demand and energy charges are high during normal working hours,
with no demand Charge during the night hours and very low energy charg-
es. If the metal melting operation was moved to a night operation,
maximum savings could be made on energy costs with no demand cost
charge. The amount of night melting will depend on the total melting
and holding capacity available.

If the melting and holding capacity is limited, it may require
molding and pouring to be carried out at night together with melting to
take full advantage of the "off-peak" electrical rates.

For graphic illustration of off-peak melting operations see Fig-
ure 3. For load profile for off-peak melting see Figure 4.

K & G []A-q



i

z6o
250 _-

t

Z40 _"
i

Z30 -

220 :
)

Z10 _-
200 .L

i
190-

170 -

160 -

._ iso -
,,14o- FIGUREI.
13o-
Izo- SUMMER"TIMEOFDAY"BILLING

IGoI KILOWATTDEMANDPROFILE
9ot (UNCONTROLLED)
80
70

60

50

40

3J

20
10

I I I I I i i i I
lZ:O0 4:00 8:0_ NO0_ 4:00 8:rm_ 12:00 4:00 8:00 (lOON 4:00 8:00 12:00
Nq A_I _ PH PM AM AM AM PPl PM

DEKANO PEAKS
CONTROLLED BY

250_ {--- POWERDEMAND

2_0_ l DOtlTROLLER

r

230_

220--
210-

200 _

190--

180 2

j, 170 ...... ._---

FIGURE2. 15_. , i
14o- _ I

SUMMER"TIME OF DAY" BILLING 13o- i I

KILOWATT DEMAND PROFILE ) Izo_ I 1
.zm T ) I(CONTROLLED) if 1oo- r

I_ 9o--

_ 8o
, _ 70 DEI_,ND DEMAND

60 SHIFTED TO SHIFTED TO
OFF-PEAK OFF-PEAK

!_ 50

'_ 40. I

30. IJ

!_ 20"

10- I
.._ ........ iI _ ! + '_ I ! ', ! ! ! ! _ I

'Z;O0 E;O0 8:00 _ 4:00 8:nO )Z:_ 4:00 §:00 NOON 4_MO08_qO0 |_0 4_0

D

b

)'iK _ G A-IO []



KILOWATT
DEMAND

x 1o 5oo,_J'_/.

J /_i._,*.,*/ii.,
...." /. / _ SHADED AREA - REDUCTION

400 . ,/_/, ,, /,,>,.

./ .i._1.1 _.....__ IN KILOWATTDEMAND DURING
...... _ .. ON-PEAKAND PARTIAL PEAK
I_ ...._.> .'.. HOURS, WITH INCREASEIN

/ / - / I "

300JF/ / /././_.... _ _ OFF-PEAK PERIOD.

"" *",/i";." A OFF-PEAK HOURS
l

200-:- _.%::. _.:_ i B PARTIAL PEAK HOURS

IO0 ii I C N-PEAKHOURS

T I !I D PARTIALPEAKHOURS

H [$ I i
-[-+.-t-..-I-._--.._--,.I-_-..4--i--_-_ -_-...._---._-._ .F-.t---t,.-.+,a-t-

10:30 8:30 12:30 6:30 ]0:30
Ptl AM PM PM PM

i"-I A _-i_ B _-, C D

KILOWATT DEMANDBY "TIME OF DAY" BILLING

KI LOWATT
HOURS

x lO0 6,000_T

>

4,000_ I'>_>CI;_;.!I._I;,_ "_ SHADED AREA- REDUCTION

i" ! _ _ IN KILOWATTHOURSDURING

i ii_iii!i __._ _ ,__'-_ ON-PEAKANO PARTIAL PEAK

HOURS, WITH INCREASE IN
3,000 OFF-PEAKPERIOD.

A OFF-PEAK HOURS

2,000- _" /_F'-I_ _ .'_'_i' B PARTIAL PEAK HOURS
• // C ON-PEAK HOURS

" "T-I: _",',,.i !_ ....

l ,000 '! ii D PARTIALPEAKHOURS

, _ I ', ,..
10:30 8:30 2:30 6:30 I0 30
PM AM PM PM PM

h A ;I: B c D
KILOWATT ENERGYUSAGE BY "TIME OF DAY" BILLING

GRAPHICILLUSTRATIONOF "OFF-PEAK"MELTING F_ G U RE 3

A-11



x o

"o
o

o
o

o
o

0
0

o
o

o
o

0
o

0
0

o
O

O
o

o
0

o
o

o

"_
"-

'
-I

"
'

...
...

'
"

°
I'-

°
•"

I-
--

.
,

.
I

I
!

l
l

;
'1

:
i

.
..

-:
..

_
:

',
:

',
-

,
..

..

z o 0

--
t

r-
T

C
=

c_
--



r

MAXIMIZATION OF MELTING CAPACITY

In this and other sections of this study, references and recom-
mendations have been presented for electrical energy conservation in
the melting of metal. As previously stated, approximately 34% of the
total energy used in a typical steel foundry is electricalof the 34%
approximately 20% is used for melting or holding melted metal. The
total kilowatts used for melting a ton of metal can only be improved
with furnace efficiency and operation, which will reduce the melt rate
(tons/hour)and reduce energy consumption(kilowatthours/ton). Areas
whereby maximizing the melting capacity can save substantial energy
are:

• Load factor should operate at high percent power utilization.
The measure of the efficiency of utilization of electrical energy,
taken on a monthly basis, is determined as the ratio of the average
consumption in the month to the peakdemand in that month.

• Electrical power costs per ton of metal melted will increase
when "holding" metal for any length of time due to decreased power
utilization. This condition is due to the thermal losses becoming
proportionally larger when the furnace is in the idling mode, thus a
melting coperation should utilize full furnace power whenever possible
and restrictidlingtime, therebymaximizingenergy-savingpotential.

• During slagging and charging, it is necessary to open the lid to
accomplish the intended actions. When the lid is open, thermal losses
occur due to radiationfrom both the lid refractoryand from the molten
iron. The longer the lid-open time, the greater the loss of energy from
the furnace. It follows that the energy consumption charge will in-
crease with increase lid-open time, thus lid-open time should be no
longer than absolutely necessary. By pouring the slag over the spout
into the transfer ladle and then skimming the ladle before delivering
metal to the pouring line will eliminate the radiation losses for slag-
ging the furnace, thus saving significant energy. Some temperature is
lost whi|e slagging the ladle, but the furnace utilization rate is im-
proved.

• The on-load solid-statestepless power control has the fol-
lowing advantages:

i. Furnace power can be maintained at a maximum level through-
out the lining campaign.

2. Furnace power can be phased back exactly as required by
the plant demand control system.

3. Furnace power can be phased back easily while tapping and
charging, which increases productivity.
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• A good furnace operator can save energy in many ways. Fast
charging and slagging of the furnace, with minimum cover "open time", will
save the most heat energy. Getting metal at temperature shortly before
it is dispatched to the molding line and not keeping the metal in the
furnace at its highest temperature for a prolonged period of time will
result in less heat losses via refractory and spout; an added advantage
is prolonged lining life. With an automatic molding line operation, it
would be practical to deliver to the pourer in constant intervals, and
deliver only the amount of metal he can pour in the molds rather than
supply him with a constant amount of metal he cannot pour off before it
cools down to the point where pigging is required.

MELT FURNACE IMPROVEMENTS

Electric Arc Furnaces

The arc furnace is a refractory-lined vessel. At the beginning of
the melting cycle it is filled by swinging aside the movable refractory
roof and dumping in a charge of metallic scrap. The electrical energy
needed to convert this charge to liquid metal is transmitted through
several electrical distribution components, ending with the electrodes
in the arc furnace (see Figure 5).

The furnace transformer takes the high transmission voltage and
converts it into a lower operating voltage. The operator can choose
from several operating voltage levels called "tap voltage".

Energy consumption, measured in kwh per ton, is fairly constant in
most arc furnace operations, ranging from 450 to 550 kwh/ton of charge,
depending on the scrap type and length of heat. There are few oppor-
tunities to decrease power comsumption in electric arc furnace melting
because the roof is off only for charging. Other than recovering heat
from cooling water or furnace stack little can be done to improve
efficiency. Scrap preheating is an effective energy and electrode
saver; for further details see part "F", Page F-I.

Energy cost savings however can be substantial by applying the
following procedures:

• Off Peak Melting

• Demand Limiting

• Demand Shifting

Energy conservation in arc melting is closely tied to power dis-
tribution, power demand regulation, furnace regulation and, most impor-
tant, operating practices.
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I In a givenfurnace,the fastestheat usuallynot only producesthe
most tonnage but also converts energy most efficiently. The heat trans-
fer at the arc should be optimized under various operating conditions.
Bore down and melt down are normally best performed using maximum power
for long arcs whose increased mobility speeds up the conversio, of scrap
to hot metal with minimum electrical losses. During meltdown, where the
arc is surrounded by scrap, aproximately 75 percent of all energy is
used and thermal losses are at a minimum. During the refining period,
when sidewalls are bare and only energy at a low power level is needed,
to raise the bath temperature a few degreees, thermal losses are corres-
pondingly higher.

Energy conservation in arc melting can be affected by many dif-
ferent variables. The most important ones are:

• arc furnace regulation -- This system automatically lowers and
raises the electrodes during the automatic mode of operation,
always responding to the change in secondary current and volt-
age, and maintaining a pre-set distance between the electrode
tip and the furnace charge. A regulating system which is not
optimized can result in long and inefficient heats, requiring
additional energy.

• power system characteristics -- Primary power distribution
switching by the supply and power company can change the exist-
ing short-circuit capacity and perhaps the primary voltage
which in turn affects the arc length, resulting in excessive
electrode consumption or excessive refractory erosion. This
type of variable will also affect furnace productivity result-
ing in a higher consumption of energy.

• operatin9 delays -- Interruption in melting, scheduled or un-
scheduled, by unnecessarily lengthening the heat time, reduces
furnace output and adds to the thermal losses in melting and can
greatly increase the consumption of energy.

• human element -- People are responsible for most major problems
or improv'ements in energy conservation. Unnecessarily long,
inefficient heats caused by many different interruptions al-
ways require additional energy. Energy can also be wasted by
not using optimum voltage selection or by inappropriate chang-
ing power input, power factor and current due to misuse of
electrical control devices. More and more arc furnace melt
shops are leaning toward eliminating the human element and ex-
panding into automatic melting for better production and im-
proved energy conservation.

A power profile or power program, which takes into consideration
the full equipment capability, can be used with or without automated
operation to greatly improve overall melting performance and energy
managBnent. This program defines precisely when to change the power
input characteristic or when to recharge by noting the consumption of
energy (kw/hr)in relationto weight and makeup of chargematerial.
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Induction Furnaces

Iron foundries that utilize electricity for melting use mostly
coreless and channel type induction furnaces. All induction furnaces
operate on the principle that when alternating current is passed through
a coil, a magnetic field is created which induces eddy currents in a
metal charge placed within that field. The degree of heating achieved is
dependent on the rate of variation of the magnetic field (frequency) and
on its intensity (power).

Channel furnaces are used for melting and duplexing, the require-
ments to a]ways keep a heel in the furnace and the limitations of induc-
tor power level limits their application as a primary melter. Electrical
efficiency of an inductor is 94-95 percent, this is extremely high com-
pared to coreless furnaces with a 76-81 percent efficiency.

Coreless furnaces reject approximately one fifth of the total en-
ergy consummed to the cooling water system, therefore considerable work
has beendone to improve furnace design.

The use of profile "D" (see Figure 6), for the power coil, reduces
the magnetic flux lines penetrating through the outside corners which
minimizeseddy current losses. Also, "D" profile allows the coil to be
wound tighter with sufficient creepage distance which improves effi-
ciency.

The cooling coils (Figure 7), on top and bottom, extract energy
which should have gone into the melt, the use of castable backup refrac-
tory eliminates the need for cooling coils.

Electrical efficiency of the induction furnace can be increased as
much as 10% with these improvements. A foundry producing 20 tons a day
can save approximately $20,000 annually with 10% improvement in effi-
ciency (cost of electricity 4¢ kwh including demand charge).
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Electric Glo-Bar ReverberatoryMelting Furnace

Much like the fuel-fired furnace, the Elecric Reverberatory Melt-
ing Furnace (ERMF) is constructed with an aluminum-resistant refractory
lining and a structural steel shell. The total height of the furnace is
much lower because the bath depth is more shallow, and less space is
required above the bath. The furnace is heated by silicon carbide
elements mounted horizontally above the bath. Heat is transferred
through direct radiation from the elements and radiation from the re-
fractory roof and sides.

The second type ER_ metal melting system employes electric im-
mersion type elements. The elements are inserted into silicon carbide
tubes which are immersed into the molten aluminum. Through radiation,
the element passes its heat to the silicon carbide tube and through
conduction, the tube releases its heat into the bath. With the heating
length of the element six inches from the bottom of the bath, temper-
ature uniformity is good. With this immersion type, heat does not have
to be driven down through the bath from the surface.

Because the electric furnace does not need a flue, the heating
chamber can be made almost airtight with the only heat loss being
through the shell and from exposed radiant metal surfaces. A well is
provided for charging of scrap and solids so there is no need to open
the access door to the main chamber.

Metal Melting Loss

The metal loss from dross, due to the exclusion of oxygen, is one
percent for 11,000 Ibs. of aluminum metal. At the present metal cost of
70 to 77 cents per pound this represents a very significant loss, and
potential for savings.

Metal quality

With the melting of aluminum metal, low gas levels and minimum
oxide inclusions are amust. The only source of hydrogen gas in an ERMF
is from the materials being charged into the furnace. Treatment of
scrap and clean ingots keeps hydrogen gas at low levels.

Working Conditions

Working conditions around an ERMF are vastly superior to gas-fired
reverbatory furnaces, the two major differences being noise and heat.
ER_ are practically noiseless, a bank of gas-fired reverbatory fur-
naces create noise levels close to 0SHA limits of 90 decibels. The heat
loss from a bank of gas-fired reverbatory furnaces is extremely high and
could amount to approximately 15 times more than the ERMF.
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Furnace Covers

Uncovered charging and dip-out wells and bath radiates 20,000

Btu/ft2/hrvs only 500 Btu/ft2/hr for a covered well, a factor of 40
times. The importance of well covers in a holding situation cannot be
overemphasized.

Graphite Rod Holdin_ Furnac_

As the graphite rod holding furnace is not a primary melting fur-
nace, this furnace will not be addressed with regards to cost savings.
The efficiency and utilization of energy input to metal holding is high.
The power factor is maintained at near unity. With this type of unit
not much design improvement is possible.

L
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PART B

NATURAL GAS AND EQUIVALENT FOSSIL FUELS

USAGE IN FOUNDRIES

As stated previously in this study, a typical steel foundry uses up
to 66% of its fuel energy input for gas fired equipment. In most
foundries overall efficiency of melt furnaces, heat treat furnaces, and
ladle heating is about 20% or even lower which, in relative terms, means
that for every 100 units of gas energy input only 20 units are utilized
to heat the product, the remaining 80 units are expended in furnace
losses and exhaust losses.

ENERGY S///" "

I00 UNITS TO PRODUCT

20 UNITS

FURNACELOSSES EXHAUST LOSSES

25 UNITS 55 UNITS

EXAMPLE: PROCESS ENERGY FLOW DIAGRAM

By drawing a process energy flow diagram, as illustrated above, one
can actually see the major areas of concern. Once the above information
has been developed, an energy flow diagram of the same process under
ideal conditions can be developed. By comparing the actual diagram to
the ideal, one can further improve chances of maximizing energy savings
while minimizing capital investment.

Energy recovery is usually the first area addressed for energy
maximization, a closer look at the problem will usually prove that
improvements in the combustion air to gas ratio, furnace pressure con-
trols, insulation, and refractory produce the bulk of the available
energy savings at the least capital cost.
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TERMINOLOGY AND THE BILL

Un]ike e)ectricity, gas utility bills are very simple to read, the
following is a typical example of a monthly gas utility bill:

©i SErViCEPERIO0! SE.ICE=RESSL06-18-79 i 07-18-79

RATES THEN;IS

GN-I

G_I-2 17,667
GN-3 22,486

TOTAL 40,153 $ 9,760.09

I METERREADINGS

BILLING
METER NU_IBERPREVIOUS PRESENT DIFFERENCE

THER_IS
FACTOR

2345678 917920 955980 38060 1.055 40,153

BOX 1 is the service period on a monthly basis.

BOX 2 is the rate schedu)e and therms used.

Gas company rates are based on the following priority schedule:

• GN-1 is for residential and small industrial users consumming
less than 100,000 cubic feet of gas per day.

• GN-2 is for industrial users consuming over 100,000 cubic
feet per day.

• GN-3 is for industrial users consuming over 100,000 cubic
feet per day and who have standby fuel capability.

Box 3 shows the actual months consumption in cubic feet of gas.

The billing factor is the actual heat content of the gas.
(Can vary depending on location).

The final column is the amount of therms used for the
month.
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Our hypotheticalbill is interpretedas follows: _

1. Gas consumption@ GN-2 rate = 17,667 therms

2. Gasconsumption@ GN-3rate = 22,486therms

3. Total gas consumption = 40,153 therms

4. Differencein meter readings = 38,060 cu ft

5. BTU contentof gas = 1,055 BTU/cu ft _

6. Amount of therms used per
month = 38,060 x 1,055 = 40,153 therms

* 100,000

* 1 therm = i00,000BTU !

ActualBTU'sconsummed = 4015.3x 106 BTU
ii

INPLANTMETERING Ii
The monthly gas utility bills show how many Btu's have been ex-

pended to producea product,what the bill does not tell you is wherethe Btu'swereused in a particulargas consumingprocess.

i

Because of recent efforts towards the development of a compre-
hensive national energy program, the Foundry Industry can expect to pay
even more for less availablegas in future years. Foundries that will
remain dependent upon gas for their production processes will be plac-
ing even greateremphasison in-plantconservationefforts in order to
achievemaximumproductionefficiencyfrom this increasinglyexpensive

fueI'cost allocations, within departments, and fuel surcharges to cus- u
tomerswill becomecommonplace. Close monitoringof allocatedsupplies
will become a necessity in energy management.

The basic and most important tool in energy management is an energy
monlzoring system. Before energy can be saved, an accurate metering
system must be established in the foundry to determine exactly how and
in what quantities, energy is being used, considerable savings can be
realized almost immediately from the data derived from an energy audit
using in-plant metering.

Proposed legislation for a users tax on natural gas for industrial
purposes may very well make "in plant" metering an accounting pre-
requisite. Gas consumption monitoring can be used to control oven or
furnace temperatures and prevent over-temperature damage, also equip-
ment problems can be detected before they cause emergency shut down.

Measuring fuel consumption alerts maintenance crews to a variety
of potential problems such as:

• Leaking fuel lines
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• Faulty temperature measuring devices

• Faulty relief valves

• Excessive burner cycling

• Warped furnace doors

• Deteriorating furnace insulation

A relatively low cost monitoring device is the "AnnuDar". This
device is a primary flow sensor designed to produce a differential
pressure that is proportional to flow. The flo-tap Annuoar can be
inserted and removed from operation without system shut down - see
Figure i.

Annubarcan be interfacedwith secondarydevices,a standardflow
meter is available for rate of flow indication. It can be used as a
portable meter or permanently mounted.

Annubar connected to a Differential pressure transmitter (Electric
or Pneumatic) is used with a variety of standard secondary equipment for
totalizing, recording or controlling complex systems - see Figure 2.

For description of Annubar operation see Figure 3.

OBTAINING A COMBUSTION ANALYSIS

In order to determine the operating efficiency of melt and heat
treat furnaces it is imperativethat a flue gas analysisbe made. One

of the best ways available for obtaining a flue gas analysis for CO2 and
02 is a FYRITE combustion analyzer.

In most actual combustion processes the determination of correct
air-fuel ratio cannot be made by direct measurement of entering air,
since various leakages through auxiliary openings will be responsible
for a substantial increase in total air over that metering at the
burner, thus for practical purposes the air-fuel ratio must be deter-
mined by calculation from data available, hence the combustion ana-
lyzer.

The flue gas data resulting from a FYRITE analysis are used with
suitable charts (see Section II) for determining the percent excess air
and, together with the information on flue gas temperatures, to deter-
mine the heat lost in the stack.
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TYPICALSET-UPDIAGRAM

TO UPDATE YOUR MEASUREMENT OR CONTROL SYSTEM

Installationof sensor in existing lines- Sensorcan be installed
in any portion of system,even underground without need for a permanent
access pit,in less than 3 manhours with standard procedurs requiring no
system shutdown, see below.
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FIGURE 2



PRImaRY FLOW SENSING DEVICE

HOWIT WORKS:

I. The HIGH PRESSURESENSOR with four impact ports faces upstream. Based
on averaging observations, the computer-located ports sense the impact
pressure caused Oy the flow velocity in each of the four equal cross-
sectional areas of the flow stream.

2. The INTERPOLATING TUBE inserted within the high pressure sensor trans-
mits the continuous average of the impact (stagnation) pressure detected
by the four sensing ports to the high pressure side of the differential
pressure measuring device. The impact pressure is the sum of the pres-
sure due to the velocity of the fluid and the line static pressure.

3. The REAR PORT, pointing downstream, senses the low pressure. The dif-
ference between the high pressure from the interpolating tube and the
low pressure from the rear port is proportional to the flow-rate accord-
ihg to Bernoulli's Theorem. In some sensor models, the rear port is
located within the high pressure sensor. In other models, it is located
downstream outside the high pressure sensor.

4. The INSTRUMENT HEAD transmits the differential pressure to an Eagle Eye
differential pressure flow meter, or other secondary devices, such as
a DP transmitter, recorder or controller.

Vetocltyaverage

Four
equal
annutar
areas

J4

FIGURE 3
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TEMPERATURE MEASUREMENTS

Accurate measurement of high temperatures is one of the most cri-
tical factors in determining equipment performance and process ef-
ficiencies of energy consumption in foundries, high temperatures are
defined as those between 700 and 3,500°F.

Sensors used to measure elevated temperatures are classified as
either contact or non-contact. Contact sensors include thermocouples,
resistance temperature detectors, bimetallic thermometers, therm-
istors, and filled systems. Non-contactors include optical and radia-
tion pyrometers. Thermocouples are used in 90% of the applications in
industrial plants.

Portable thermocouples of various designs are available. The in-
struments are compact, lightweight, and battery powered, and they can
easily be carried around the plant to measure process or equipment
temperatures easily. Most models have a variety of interchangeable
thermocouples sensors and multiple temperature selector switches to
provide maximum versatility. (See table 1 for comparisons).

TABLE 1. COMPARISON OF COMMONTHERMOCOUPLES

Usable
Temperature

Type Range Advantages Restrictions

Type J -300 to Comparatively inexpensive. Maximum upper limit in

(Iron- 1600 F oxidizing atmosphere is
constantan Suitable for continuous 1400 F, because of the

service to 1600 F in neutral oxidation of the iron.

or reducing atmospheres.
Protection tubes should

be used above go0 F !

Protection tubes should i

always be used in a

contaminating medium.

Type K 0 to Suitable for oxidizing Especiallyvulnerableto

(Nickel, 2500 F atmospheres, reducing atmospheres,
chromium- requiring substantial

nickel, In higher temperature ranges, protection when used.

aluminum) provides a more mechanically
and thermally rugged unit

then platinum or rhodium-

platinum, and longer life
than iron-const antan.

Type T -300 to Resists atmospheric corrosion. Copper oxidizes above

(Copper- 700 F 600 F.

constantan Applicable in reducing or

oxidizing atmospheres below
600 F.

Stability makes it useful at
subzero temperatures,

Has high conformity to

published calibration data.

Type E -300 to Has high thermoelectric Stability is unsatis-
(Nickel, 1600F power, factoryinreducing

chromium- atmospheres.
constantan Both elements are highly

corrosion-resistant, permitting

use in oxidizing atmospheres.

Does not corrode at suozero

temperatures.

)
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TABLE 1. (CONTINUED)

Usable
Temperature

TyPe Range Advantages Restrictions

Type S Usable in oxidizingatmos- Easily contaminated in
(Platinum, pheres, other than oxidizing
10% rhodium- atmospheres.
platinum) 0 to Provides a higher usable range

than Type K.

Type R 2700F Frequentlymore practical
(Platinum, than noncontactpyrometers.
13% rhoduim-

platinum) Has high conformityto
publishedcalibrationdata.

Type B 1600 to Better stabilitythan Type S Available in standard
(Platinum, 310Q F or R. grade only.
30% rhodium-

platinum, Increasedmechanical strength. High-temperaturelimit

6% rhodium) requiresthe use of
Usable athigher temperatures alumina insulatorsand
thanTypeS or R. protectiontubes.

Reference-junction compensa- Easily contaminated in
tion is not requlred if junction other than oxidizing
temperaturedoes not exceed atmospheres.
150 P.

BURNER COMBUSTION EFFICIENCY

Conserving fuel in melting, heat treating and ladle heating opera-
tions is a complex operation. It requires careful attention to the
following:

• Refractories and Insulation

• Scheduling and operating procedures

• Preventative maintenance

• Burners

• Temperature controls

• Combustion controls

Providing the correct combustion controls will increase combustion
efficiency measurably. Complete combustion of Natural Gas Yields:

(a) Carbon dioxide

(b) Water vapor

If gas is burned with the chemica]l} correct amount of air, an
analysis of the products of combustion will show it contains about 11 to

12% CO2 @ 20-22%water vapor. The remainderis nitrogen,which was |present in the air and passed through the combustion reaction essentially
unchanged.
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4 If the same sample of naturalgas is burned with less than the
correct amount of air ("rich" or "reducing fire"), flue gas analysis will
show the presence of hydrogen and carbon monoxide, products of incomplete
combustion. Both of these gases have fuel value, so exhausting them from
furnaces is a waste of fuel. (See Figure 4 ).

If more than the required amount of air is used (lean or oxidizing
flame), all the gas will be burnt but the products of combustion will
contain excess oxygen. This excess oxygen is an added burden on the
combustion system - it is heated and then thrown away thereby wastin9
fuel.

The following steps should be taken to upgrade burner and combustion
controls:

1. Use sealed-in burners. Make all combustion air go through the
burner - open cage type burners are very inefficient.

2. Use power burners. Inspirator or atmosphere burners have very
poor mixing efficiency at low inputs, especially if gas pressure
is low.

3. Installa fuel/air ratio controlsystem.

PREMIX BURNER SYSTEMS

Premix burner systems commonly use a venturi mixer known as an as-
pirator or proportional mixer. Air from the blower passes through the
venturi, creating suction on the gas line and drawing in the correct
amount of gas at reduced firing rates, air flow is cut back, reducing
suction on the gas line, and the amount of gas drawn into the mixer drops
in proportion to air flow. Aspirator systems are fairly simple to adjust
and maintain accurate fuel/air ratios over wide turndown ranges, but
their use is limited to premix burners.

NOZZLE MIX BURNERS

Nozzle mix burners used with a Ratio Regular System is widely used
for industrial furnace applications. Orifices are installed in the gas
and air lines to a burner and then adjusted so that air and gas are in
correct burning proportions when pressure drops across the orifices are
equal. Once the orifices are set, they will hold the correct air/gas
ratio as long as the pressure drop remains the same, no matter what firing
rate. Ratio Regulator Systems have good accuracy and are fairly easy to
adjust.

On large furnaces where fuel consumption is extremely high, or on
furnaces where very close control of the atmosphere is required, ex-
tremely accuratefuel/air ratio control is vital, both for fuel economy
and product quality. On these installations hydraulic or electronic flow
controls are often used.
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These systems feature fixed orifices in both gas and air streams, and
these orifices are sized to pass proportional amounts of gas and air at
equal pressure drops, pressure drop signals are fed to a ratio controller
which compares them. One of the outstanding features of this system is
that the fuel/air ratio can be adjusted by turning a dial. Since a burner
can be thrown off correct ratios by changes in ambient air temperature and
humidity, this ratio adjustment feature permits the operator to set the
burner back to peak operating efficiency with very little effort.

On multiple burner furnaces, the combustion products of all burners
mix together before they reach the flue gas sampling point (Furnaces
should have manifolded flue gas outlets in order to obtain common sampling
point for flue gas analysis). If, for example, some of the burners are
unintentionally set lean, and others rich, the excess air from the lean
burners could consume the excess fuel from the rich burners, producing
flue gas with ultimate COp and practically no free oxygen or combustibles.
Samples of these gases could be misleading and show correct air/gas ratio,
when in fact they are not. Also if a burner is set rich and the excess

combustibles in the flue gases find air in the stackand burn there, flue
gas analysis Will again suggest that the burner is properly adjusted.

To overcome the problem of misleading flue gas analysis in multi-
burner furnaces, metering orifices should be installed on the gas lines to
each burner. If pressure drops across all orifices are identical, gas
flow to each burner will be the same.

FURNACE PRESSURE CONTROLS

Furnace Pressure Controls will afford additional energy savings,
particularly on top-flued furnaces. If a furnace operates under negative
pressure, cold air is drawn into it through badly fitted doors and cracks.
This co]d air has to be heated, adding to the burden on the combustion
system and wasting fuel. If the furnace operates at high positive pres-
sure, flames will sting out through doors, site ports and other openings,
damaging refractories and buckling shells. Ideally a neutral furnace
pressure overcomes both of these problems.

Automatic furnace pressure controls maintain a pre-determined pres-
sure at hearth level by opening or closing dampers in response to furnace
pressure fluctuations.

In summation; good fuel/air ratio control equipment and automatic

furnace pressure controls are two useful weapons for combating gas energy
wastage in heating operations.

Properly applied, they also offer the side benefits of improved
product quality and shortest possible heating cycles.
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TYPICAL GAS/AIR REGULATOR HOOK-UP
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FURNACE EFFICIENCY

Conventional refractory linings in heating furnaces have poor in-
sulating abilities and high heat storage characteristics. There are
two basic methods available for reducing heat storage effect and radia-
tion losses in melt and heat treat furnaces; they are:

i. Replace standard refactory linings with vacuum-formed
refractory fiber insulation material.

2. Install fiber liner between standard refractory lining and
shell wall.

3. Install ceramic fiber linings over present refractory liner.

The advantages of installing refractory fiber insulation are:

• Refractory fiber materials offer exceptional low thermal con-
ductivityand heat storage. These two factors combine to
offer very substantial energy savings in crucible, rever- ii
beratory and heat treat furnaces (documented savings - 35% or
better).

• With bulk densitiesof 12-221bs/cuft, refractoryfiber
liningsweigh 8% as much as equivalentvolumes of conven- _
tionalbrickorcastables.

• Refractoryfibers are totally resistiveto damage from dras- :_
ticandrapidchangesintemperature, ii

,j• Fibermaterialsaresimpleandfastto install, i_

• The density of fiber refractory is low, so there is very
littlemass in the lining,thereforemuch less heat is sup-
plied to the lining to bring it to operating temperature.
This resuts in rapid heating on start-up. Conversely,
cooling is also rapid, since there is less heat stored in the
lining.

• Foundries have reported as much as double the crucible life
with fiber lined furnaces. Greater temperature uniformity is
one of the key factors in attaining this advantage.

• More comfortableworking environmentis attainable due to i_
lower shell surface temperatures.

The basic design criteria for fiber lined crucible furnaces are
the same as used for furnaces lined with dense refractories. Two rules
should be followed:

1. The midpoint of the burner should be at the same level as the
bottom of the crucible, and the burner should fire tangen-
tially into the space between the crucible and lining.

2. The space between the outside of the crucible, and the fur-
nace lining near the top should be about 10% of the crucible
diameter.
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Crucible furnace can be constructed using a combination of fiber
with dense refractory or almost entirely out of fiber. Increasing the
proportion of fiber will increase the energy savings and maximize the
other benefits previously listed.

Fiber materials are available in varying thicknesses, suitable for
a completemonolithicinstallation,and compositionto handle 2,400°F,
2,600°F, and 2,800:F.

The higher termperaturecompositionscontain high alumina fiber,
which lowers the amount of shrinkage at elevated operating temper-
atures.

¢,,_,tAm,J_ j

TYPICAL FIBER LINING DESIGNS

FURNACE COVERS

If preheating of combustion air utilizing furnace flue gas tem-
peratures is contemplated, installation of furnace covers is mandatory.
The difficulty in the past, in the fabrication and use of furnace
covers, has been the problems of thermal shock and spalling, materials
available today, such as refractory fiber, have eliminated these prob-
lems.

In addition to technological advantages of fiber insulations, in-
dustry has also developed the capability of vacuum forming these ma-
terials over a variety of metallic support structures. Fiber insula-
tion can be formed over either expanded metal or angle iron frames, or
both, with v-type anchors attached. The anchors are made from high
temperature alloys, holding the fiber to the metallic support struc-
tures to provide an integral, fully secured assembly. No part of the
anchor system is exposed to excessive temperatures, this eliminates
attachment problems for ladle pre-heaters, crucible furnace covers, and
induction furnace covers. Installation of furnace covers improves the
thermal efficiency of the process by approx. 50%.
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CRUCIBLE POT AND REVERBERATORY FURNACES

Non-Ferrous Foundries utilize three basic furnace types for melt-
ing and holding. They are:

• Gas fired crucible

• Gas fired reverberatory

• Electric reverberatory

1. The stationary crucible furnace is primarily used for alum-
inum, copper, and brass alloys. Its versatility to alloy
changes makes it a desirable furnace for small foundries
where such metal changeover is necessary. Combustion bur-
ners are located so the flame is tangential to the crucible in
order to avoid direct flame impingement against the crucible
wall. Biggest disadvantage other than thermal efficiencies
are short crucible life which affects bath temperature con-
trollability.

2. Fuel fired reverberatory is usually chosen when melt rate
and/or capacity is such that a crucible would be too small.
The reverberatory is direct fired from either the roof or
sidewall with gas, propane, or oil burners (for the purpose of
this study the relative cost per BTU is assumed as being
equal). The heat is transfered to the bath by a combination
of convection and radiation.

3. Electric reverberatory furnaces - see discussion under "Major
Process Changes" Part H Section I.

UPGRADING GAS FIRED FURNACES

1. Replace brick or castable refractory with vacuum-formed re-
fractory fiber on gas fired crucibles.

Arrow Casting and Development Co., in Santee, California, in-
stalled fiber liners on two-425 lb. crucibles - documented 35%
saving in fuel. They can now produce a melt in one hour from
cold start as compared to 2-1/2 hours with conventional re-
fractory ]iner-payback period - 6 months.

Other advantages:

• Faster turn around time at reline time

• Lower shell temperatures (500 to 350°F)

Arrow specializes in alloy 356 racing car safety components.

2. Add fiber insulated liner between standard refractory liner
of shell casing.
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3. Update combustion controls (see burner combustion efficiency

discussion - Page B-8).

4. Install furnace covers (see prior discussion - Page B-14).

5. Other miscellaneous changes that can be accomplished to im-
prove furnace efficiencies.

• Reduce flue openings to a minimum, the correct design is
20-30,000 BTU per square inch

• Optimize burner equipment maintenance

• Maintain clean blower filters

• Keep flues and slag hole clear

HEAT TREAT FURNACES

Heat treating is the second most energy intensive operation in the
foundry. A comprehensive energy management program is mandatory as gas
and oil costs continue to grow and diminish in supply.

Many heat treat facilities in the foundry industry are not par-
ticularly in good operating shape. Minimum attention is paid to com-
bustion efficiency and refractory maintenance.

Upgrading heat treat furnaces in the following areas will yield
tremendous fuel savings:

• Replace existing burners with a modern pre-mix burner system

• Install efficient burner controls

• Install furnace pressure controls

• Replace conventional refractory lining with fiber

insulation 1/ 2/

• Seal all cracks and openings in casing and doors

• Install combustion air pre-heat system

Each of the above categories is re]ated and dependent upon the
state of the others, but will show an energy savings when individual
improvements are made. Energy savings can be considered additive when
an all out improvement program is implemented.

Process Operation and Control: Heat treat operations fall into two
major categories - continuous and batch type. Ignoring specific casting
requirements, restricting one process over the other, the continuous
operation is favored from an energy conservation standpoint. With

Kao B-16 [] A



F
continuous operation, the furnace remains in equilibrium and is not
heatea and cooled and reheated with every new batch processed. The heat
required to bring refractory up to various furnace temperatures and the
heat lost through the furnace walls to the surrounding ambient tem-
perature, based on varying thicknesses of refractory, is illustrated:

HEAT STORAGE AND LOSSES BTU SQ.FT.

HOT F#.CETEMPERATURE °F

WALL
THICKNESS TYPE REFRACTORY 1,200 1,600 2,000

H. ST. H.L. H. ST. H.L. H.ST. H.L.

9" Composite 13,700 285 19,200 437 24,800 615
2,000° insulation
and firebrick

13-I/2" Composite 22,300 335 31,400 514 40,600 718
2,000° insulation
and firebrick

22-1/2" Composite 43,200 182 61,000 281 79,200 392
2,DO0° insulation
and firebrick

6" Ceramic fiber 842 208 1,170 432 1,490 672

Condensed from Mark's handbook
H.ST --- Amount of heat stored
A.L --- Amount of heat lost (Btu/SqFt)

The following information of present operating characteristics are
necessary in evaluating present furnace efficiencies:

• Fuel flow rate in cubic feet per hour (gas) and gallons per
hour(oil).

• Gas or oil usage (by metering) per operating day or week
(preferably from fire-up to shut down).

• Casting throughput in tons per hour for the same period.

• Fuel cost in dollars per million BTU's,

• Operating cycle, houri per load, and casting load in tons.

• Furnace operating temperature, waste flue gas temperature, and
outside shell temperature.

• Types of existing burners, ratings, and percent of excess
air (determined by flue gas analysis).

The above information can be used to determine existing heat input
in BTU's per pound of castings processed and, calculate the anticipated
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heat input after replacement or renovation of existing furnaces. Such
calculations form the basis of returns on investment calculations that
will permit a decision based on economical justification.

Footnotes:

_1/ "Furnaceliningcuts annealingcosts 30%."
Reference: Foundry M&T Magazine - February 1977

Kingsford Foundry andManufacturing Company, Kingsford, Tenn.:
Installation of ceramic fiber on their batch type annealing
ovens cut gas consumption by 68% which represented a cost
savings of $8,900 per year. The furnace measures 10 ft wide
by 23 ft long inside by 10 ft high - 45,000 Ib annealing lots.

2/ "BuckeyeSteel Cuts NaturalGas Usage"
Reference: Foundry M&T Magazine - April 1976

Buckeye can produce up to 7,000 tons of castings per month,
their consumption of natural gas for heat treating is con-
siderable. Eleven car bottom heat treat furnaces when re-
lined with fiber insulation - fuel consumption was reduced by
approximately 40%. Other benefits cited by Buckeye are:

• Furnaceheat up time cut from 12 hrs to 45 minutes

• Coo]down is rapid enough so that another car can go into the
furnace in 15 minutes.

LADLE HEATING

The third largest gas consumming process in the foundry industry
is ladle preheating. Most foundries use open ladles with Torch Type
Gas Burners which consume gas during periods when no ladle preheating
is taking place. Upgrading present ladle heating methods utilizing the
following recommended procedures will result in dramatic gas energy
savings:

• Change unregulatedTorch Type Burnersto gas/compressedair

type regulators.

• Install insulated covers.

• Add insulated fiber lining between conventional refractory
and shell.

Ladles come in numerous sizes and shapes, lined with castable or
brick refractory or a combination of both. They are first heated slowly
to expell moisture, without damaging refractory, until they are dry,
then the heating rate is increased to allow refractory surface tem-
perature to reach 2,000° to 2,400°F, primarily to reduce thermal shock to
the lining and reduce temperature losses of the metal during pouring.
Ladle practices vary largely from one cast metal facility to another.
The practice is always energy intensive and what used to be good prac-
tice of a well operated shop, to have clean-heated ladles on standby at
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all times, is poor practice from the standpointof energy management.
The situation of high energy losses becomes progressively more serious
when foundries use ancient, delapidated, or homemade gas torches versus
the latest state-of-the-art combustion equipment.

Ladle HeatinB Equipment may be oil or gas fired or a combination of
both; electric ladle heating is discussed under "Major Process
Changes". See Section I Part H.

Generally, more efficent heating and drying systems and practices
are possible in shops using large ladles where fixed ladle heating sta-
tions with covers or hotwalls with fully piped burners are being used.
The following diagrams show examples of fixed and wall type ladle sta-
tions.

A i I ' i
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FIXED TYPED LADLE STATION
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WALL TYPE LADLE STATION
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With many small foundry operations, the logistics and number of
ladles handled make it difficult to maintain fixed burner stations
using full air/gascontrols. Often portabletorches are proppedup on
the ladle rim, gas flow rates are regulated by means of manual ball or
gate va]ves. Gas consumption can be reduced by two thirds if regulated
compressed air is added.

A foundry in the midwest installed regulated compressed air in a
500 pound ladle for drying and heating, they now use 220 cu. ft. of
natural gas per hour compared with 660 cu. ft. when using open gas torch
only.

The other option for smaller foundries is to substitute electric
ladle heaters - see Section I Part H for further discussion relative to
electric versus gas ladle heating.

Potential indirect energy reduction, due to control of metal tem-
perature in the ladle by utilization of insulation and covers, is pos-
sible due to control of pouring defects from cold metal and reduction in
super heat necessary for metal to be available at optimum pouring tem-
perature when tapped from the furnace.

The possiblilities of such savings and increased production make
it worthwhile to carefully analyze hot metal handling systems and ladle
selections, with the aim of eliminating excessive losses of temperature
caused by unnecessary transfers of metal, improper distribution sched-
u|es, and inadequate ladle insulation.
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PART C

COKE AND SUPPLEMENTAL FUELS

USE IN FOUNDRIES

Cupolas are coke-fired counterflow heat exchangers for melting
iron. Energy statistics published by the AFS and other organizations
show that, on the average, iron foundries using cupolas consume approxi-
mately half of their total energy in the cupola. Based on material input
to the melting operation, Figure 1 and Table 1 show energy use in the
cupola (National Basis) per net ton of good castings.

i
REFECTORIES I CUPOLA i COKE

OXYGEN & NATURALGAS
AIR BLAST ELECTRICITY

SYSTEM

IRON SLAG

FIGURE i. MATERIALS AND ENERGYUSED IN CUPOLAS

TABLE 1. ENERGYUSE IN CUPOLA(NATIONAL BASIS)

Million Btu per net ton
of 9ood castings s_ipped(a)

Coke (13% of metallics)(b) 7.76
Transport 0.08

Naturalgas ].60
Electricity(c) 1.05
Scrap 0.00

Transport 0.]7
Pig iron 4.IZ

Transport 0.06
Limestone 0.02

Transport 0.01
FeSi 2.28

Transport O.Ol
FeMn 0.75

Transport 0.0]
Refractories 0.50

Transport 0.0]
Oxygen 0.11

Transport O.Ol
TOTAL 18.60

(a) 60% yield from molten iron to good castings shipped.
(b) 33 million Btu/netton of coke.
(c) 10,500 Btu/kwh.



FOUNDRY COKE

Foundry coke is a solid, cellular residue obtained when certain
bituminous coals are heated, out of contact with air, above temperatures
at which active thermal decomposition occurs. Coke formed by heating
above 1,652°F is called high temperature coke.

Typical foundry coke blends:

TABLE 2. SOMETYPICAL FOUNDRYCOKE BLENDS AND COKING CONDITIONS

Blend, % Coking Flue Coke

Plant Low Vo]. High Vol. Time2 Temp. Temp.3
Coals Coals Inert4 Pulv'nI in./hr Ave. °F °F

A 30.5 56.6 13 80 I.I 2,500 1,800

B 34 60 6 85 0.7 2,200 1,86U

C 32 59 9 80 l.l 2,610 1,800

D 50 50 0 88 0.65 1,800 1,750

E 38 56 6 90 l.l 2,300 --

1 Percentagepassing I/8-in screen.

_ Oven width in inches divided by coking time in hours.Average coke temperature calculated from hydrogen content
(see "Chemical Tests" in this chapter).

4 Selected anthracite fin_ meeting foundry coke size and
gravity specificationsjo.

SUPPLEMENTARY FUELS

Anthracite coal is a dense, hard, natural product ranging in fixed
carbon content from 85-87% compared to 90-93% for coke.

Major material properties are:

Anthracite Coke

Ash 8-10% 6-8%
Volatiles 4.5- 5.5% 0.4- 0.7%
Sulfur 0.4- 0.65% 0.60- 0.70%

Heat content (Btu/Ib) _ 13,000 - 13,900 12,500 - 13,500
Materialdensity Ibs/ft_ 53 - 58 26 - 32

The greater density gives more energy per volume of space occupied
by the coal in the cupola; however, the nonporous nature causes slower
burning.

Usage of anthracite coal up to 25% of the total fuel has been
reported (Ref. W. J. Peck,°Central Fdy Div GMC., Defiance) with some
modification necessary to cupola operation and careful control of mate-
rial size.

If oxygen enrichment is also available, the use of greater than 25%
coalmaybefeasible.
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STORAGE

It is common practice at many foundries to store coke in the open.
No appreciable deterioration results in mild weather, but when exposed
to alternate freezing and thawing, the size can be degraded due to water
freezing in the coke fissures. Also, moisture content of coke increases
if not stored under cover resulting in increased energy usage to dry the
coke charged in the cupola.

OTHER FUELS

Supplementary cupola charge fuels are in use. Coke breeze is used
as briquettes or direct injection through the tuyeres.

Table 3 shows typical analysis and sizing of the injection grade
coke fines being used in a typical injection system. The substitution of
injected coke fines for charge coke has resulted in reduction of charge
coke by as much as 20% (Ref. H. J. Christensen, Petrocarb Inc., N.J.).
Replacement ratios of coke removed versus fines injected range from 1:1
and 1.5:1, that is to say, more coke is removed than fines injected with
the corresponding cost reduction for materials.

TABLE 3. COKE FINES SPECIFICATIONS

SIZING: 10 MESHX 0

PROXIMATEANALYSIS:FixedCarbon 88.0%

Ash 11.0%

Volatile I_0%

Sulfur 0.60%

Moisture -1.0%

TABLE 4. COKE SUBSTITUTION VALUES FOR THREE CUPOLA OPERATIONS
USING COKE FINES TUYERE INJECTION

SUBSTITUTION RATIO
SCFM POUND_-_OFCOKE

BLAST BLAST REMOVEDTOEACH
CUPOLATEMP OXYGEN RATE MELTRATE% COKE % SUBSTITUTIONPOUNDOFCOKE

CUPOLADIAMETEROF ENRICHMENTX 1,DO0TONS/HOURCHARGEBOFCHARGEDCOKEFINESINJECTED

A 122" I,200 2% 25-27 50-60 12% 13% 1.3 I

B 108" 950 INTERMITTENT18 35 1S.8% 11.4% 1.6 I

C 46 NO YES 10 19.5% 10.3% 1.25 ]
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CUPOLA MODIFICATIONS

Blast conditioning, to provide sensib]e heat in the air supply to the
cupola, can be arranged through recuperator systems and preheat burners.
Hot blast systems operate at 500 - 1,200°F. Addition of oxygen, in
amounts of 2 to 4 percent of blast air, is carried out to increase tap
temperature, improve melt rate, or reduce coke usage.

Dividing blast, or separation of tuyers into two rows with approxi-
mately 36 inches between rows, has been proven to increase the depth of
melt zone in the cupola which results in higher tap temperature, reduc-
tion in coke usage, or increased production.

Some metallurgical changes occur with both oxygen enrichment and
divided blast systems, but proper controls and adjustments in charge
make-up or alloy additions can compensate for this.

Detailed analyses of alternates are covered in further sections of
this study.
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PART D

WASTE HEAT RECOVERY SYSTEMS

GENERAL CONSIDERATIONS

The first step in heat recovery analysis is to survey the foundry and
take readingsof all recoverableenergy that is being dischargedto atmos-
phere. The survey should include analysis of the following conditions:

• Exhaust stack temperatures

• Flow rates through equipment

• Particulates, corrosives of condensible vapors in the air stream

Ventilation, process exhaust and combustion equipment exhausts are
the major sources of recoverable energy.

Table 1 illustrates typical energy savings achieved by preheating
combustion air with hot exhaust gases from process or furnaces.

TABLE 1. FUEL SAVINGS REALIZED BY PREHEATING COMBUSTION AIR*

Fuel savings, percent, when combustion air preheat temperature, F, is:

Furnace
out)et

temperature,F 400 500 600 700 800 900 I000 1100 1200 1300 1400

2600 22 26 30 34 37 40 43 46 48 50 52

2500 20 24 28 32 35 38 41 43 45 48 50

2400 18 22 26 30 33 36 38 41 43 45 47

2300 17 21 24 28 31 34 36 39 41 43 45

2200 16 20 23 26 29 32 34 37 39 41 43

2100 15 18 22 25 28 30 33 35 37 39 41

2000 14 17 20 23 26 29 31 33 36 38 40

1900 13 16 19 22 25 27 30 32 34 36 38

1800 13 16 19 21 24 26 29 "31 33 35 37

1700 12 15 18 20 23 25 27 30 32 33 35

1600 11 14 17 19 22 24 26 28 30 32 34

1500 11 14 16 19 21 23 25 27 29 31 33

1400 10 13 16 18 20 22 25 27 28 30 o-

• Natural gas with i0 percent excess air; uther charts are
availablefor differentfuels and various a_ounts of excess air.
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Regardless of the amount or temperature of the energy discharged,
recovery is impractical unless the heat can be effectivel_ used elsewhere
in the foundry. Also, the recovered heat must be available when it is
needed; if not, some sort of heat storage equipment is necessary which
will increase the capital cost expenditure and minimize the return on
investement.

Waste heat recovery can be adapted to several applications:

• Space heating

• Make-up air heating

• Water heating

• Processheating

• Combustion air preheating

• Boiler feed water heating

• Processcoolingor absorptionair condtioning

• Charge preheat

• Scrap preheating

The need for comfort heating and make-up air heating systems in
foundries located through-out California, for the most part, is non-
existant - therefore this study will limit its discussion to combustion
air preheating as it relates to waste heat recovery. There will be
isolated instance where fairly large process air conditioning systems and
process steam heating systems are utilized, as in investement casting
facilities, therefore an overview of the various heat recovery devices
available will be presented which will cover:

• Air to air heat exchangers

• Air to liquidheat exchangers

• Liquid to liquid heat exchangers

TYPES OF HEAT RECOVERY EQUIPMENT

Choosing the type of heat recovery device for a particular appli-
cation depends on the three factors determined in the plant survey, for
example air to air equipment is the most practical choice if the point of
recovery and use are close coupled. Air to liquid equipment is the
logical choice if longer distances are involved.

This study addresses five types of heat recovery equipment:

• Economizers

• Heat pipes
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• Shell and tube heat exchangers

• Regenerative units

• Recuperators

Economizers

Economizers are air to liquid exchangers. Their primary application
is to preheat boiler feed water. They may also be used to heat process
or domestic water, or to provide hot liquids for space heating or make-up
air heating equipment. (See Figure 1)

FIGURE 1. TYPICAL ECONOMIZER

The basic operation is as follows: Sensible heat is transfered from

the flue gases to the deaerated feed water, as the liquid flows through a
series of tubes in the economizer, which is located in the exhaust stack.

Most economizers have finned tube heat exchanges constructed of car-
bon steel and tube sheets, stainless steel while the inlet and outlet
ducts are carbon steel lined with suitable insulation. Maximum recom-

mended waste gas temperatures for standard units is 1,800°F.

According to economizer manufacturers, fuel consumption is reduced
approximately 1% for each 40°F reduction in flue gas temperature. The
higher the flue gas temperature the greater potential for energy savings.

Heat Pipes

The heat pipe thermal recovery unit is a counter flow air to air heat
exchanger. (See Figure 2)

Hot air is passed through one side of the heat exchanger and cold air
is passed through the other side in the opposite direction.
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FIGURE 2. TYPICAL HEAT PIPE CONFIGURATION

Heat pipes are usually applied to process equipment in which dis-
charge temperaturesare between150° and 850°F. There are three general
classes of application for heat pipes:

(a) Recycling heat from a process back into a process (process
to process)

(b) Recycling heat from a process for comfort and make-up air
heating (process to comfort)

(c) Conditioning make-up air to a building (comfort to comfort)

Heat pipes recover between 60 to 80% of the sensible heat between the
two air streams. A wide range of sizes are available, capable of handling
500 to 20,000 cu ft of air per minute. The main advantages of the heat
pipe are:

• No cross contamination

• Operateswithoutexternalpower

• Operates without moving parts

• Occupies a minimum of space
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Shell and Tube Heat Exchangers

Shell and tube heat exchangers are liquid to liquid heat transfer
devices. There primary application is to preheat domestic water for
toilets and showers or to provide heated water for space heating or
process purposes. (See Figure 3)

The shell and tube heat exchanger is usually applied to a furnace
process cooling water system, and is capable of producing hot water ap-
proaching5° to IO°F of the water temperatureoff the furnace.

To determine the heat transfer capacity of the heat exchanger the
following conditions of the operation must be known:

• The amount of water to be heated in gal]ons per hour

• The amount of hot process water available in gallons per hour

• Inlet water temperature and final water temperature desired

• Inlet process water temperature

FIGURE 3. TYPICAL SHELL AND TUBE HEAT EXCHANGER

Regenerative Unit (Heat wheel)

The heat wheel is a rotary air to air energy exchanger which is
installed between the exhaust and supply air ductwork in a make-up or air
heating system. It recovers 70 to 90% of the total heat from the exhaust
air stream. (See Figure 4)

Glass fiber ceramic heat recovery wheels can be utilized for pre-
heatingcombustionair with exhaustflue gases as high as 2,000°F.
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Heat wheels consist of: rotating wheel, drive mechanism, partitions,
frames, air seals and purge section. Regeneration is continuous as energy
is picked up by the wheel in the hot section, stored and transfered to the
colder air in the supply section as the wheel rotates through it.

lIFTING EYE BOLTS

WEATHER
SIDE FRAME

CORRUGAITD
ROTOR

COVER PRATES

SEAL MOUNTING CLIPS

ORIVE BELT

FIGURE 4. TYPICAL HEAT RECOVERY WHEEL

Recuperators

Recuperators are air to air heat exchangers built to provide effi-
cient transfer of heat from hot exhaust gases to a cooler air stream.

Recuperators are generally used in the following processes:

• Preheating combustion air

• Preheating scrap metal

• Provide hot blast at cupola's

• Recovery heat from hot gas to suppliment or replace the primary
heat source in process or comfort beating applications

_K6G D-6
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r
There are many differenttypes of recuperatordesignsavailableto-

day. The recuperator illustrated in Figure 5 is primarily used for
combustionair preheating. It consistsof three basic cylinders,the hot
gases flow up though the inner cylinder, cold combustion air enters at the
bottom of the outer cylinder, flows upward and down through the middle
cylinder, exiting from the bottom of the middle cylinder.

Heat energy from exhaust gases is transfered through the inner cyl-
inder wall to the combustion air by a combination of conduction and
radiation heat transfer. The net effect is preheated air temperatures as
high as 1,000°Fwith inletexhaustgases enteringat 2,000°Fand exitingat
1,300°F.

k i

COMIUSTIDN _
All IN _ r

A_ , d "-_ I_.DIAI_r TUI_ EXHAUST

.,. I J

PII.EHEATED AIE __

FIGURE 5. OPERATINGPRINCIPLE
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PART E

PROCESSES OF SECONDARY IMPORTANCE

As previously stated, approximately 20% of the plants energy input
is consummd in secondary processes - no attempthas been made to quantify
energy savings in these areas except where actual percentages can be
quoted from other sources.

CLEANING AND FINISHING

Material handling, welding, grinding, inspection, and painting pro-
cesses comprise the minor energy using activities remaining after major
heat treatment usage. Other areas where additional energy can be con-
served:

1. Compressed air tools and hoists require frequent servicing to
maintain efficiency. Adequate lubrication is essential to re-
duce friction in high velocity air motors.

2. Air hoses should be sizes for minimum pressure drop to air
tools, a 10% drop from designed supply air pressure of 90 psi
results in 15% reduction in production output.

3. Replace air driven equipment with induction motors where prac-
tical. If a high pressure induction motor is required to
produce 5 cfm at 100 psi pressure, an equivelent vane type air
motor would consume 25 cfm at the same pressure requirement.

4. Check and replace worn sand blast air nozzles to reduce air con-
sumption. 5/16" nozzle worn to 3/8" diameterwill consume an
additional 65 to 70 cfm.

5. Welding units of the motor generator type should be shut down
when not in use. Smoke detector activated exhaust fans over
welding area will reduce unnecessary loss of in-plant heated
air and power consumption. When using coated electrode-metal
arc welding, use the largest diameter electrode possible to
improve efficiency.

EXAMPLE
Welded

Rod size Current kW Deposition Efficiency

1/8" 110a. 5.6 .87#/hr. 47%
3/16" 150a. 7.65 1.32#/hr. 51%
1/4" 250a. _3.65 2.50#/hr. 55%

6. Paint lines should use airless spray guns. It requires 9.5 HP
to atomize 1 gpm using air spray, compared to approximately 1.3
HP for airless type.

7. Consider direct fired paint drying ovens instead of indirect.
The heat transfer coefficient for direct fired is about 97% vs.
60% for indirect.

]
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8. Water hose spray has been reported to cut overall natural gas
consumption for drying up to 45%.

9. Install insulation on paint line heated wash and Rretreatment
tanks. For instance, an uninsulated vessel at 200VF can waste
up to 315 BTU/hr/sq.ft. Investigateusing recoveredprocess
heat as sourcefor paint line heatingrequirements. Schedule
paint line for continuousperiodof operationratherthan fre-
quentshut downs and start ups. Robot paintingmanipulators
can be programmedto startand stopcycleas required. PI

10. Fork truck idling time and use of oversize vehicle for job
wastes energy. Install door opening and closing devices oper-
atable by truck driver in the operating seat. If possible,
install double air lock doors. In large facilities use por-
table radios to direct fork trucks to next assigned area to
reduce empty trips.

MOLD AND CORE MAKING

The following modifications, changes, and additions to mold and core
making operations to effect energy savings are:

1. Install manual shut-off valves on each gas distributing line on
shell core making machines.

A foundry in the midwest installed valves to control the flow of

gas to each row of burner tips. Their objective was to use only
as many gas tips as were required to heat the core box. By
cutting off one r_w of burner tips, their energy savings
amounts to 256 x 10v Btu per year.

2. Convert from hot box phenolic resin cores to cold box cores.

The same foundry as in (1) above saved g_s in the amount of
1.170 Btu per pound of core or 675 x 10v Btu per year. In
addition, they produced the cold box cores about three times as
fast as the hot box cores.

POURING AND SHAKEOUT

The following modifications, changes and additions to pouring and
shakeout operations to effect energy savings are;

1. Excessive lighting level'sover areas of mold cooling and incan-
descent lights used at work stations can be changed to reduce
energy. Reported improvements of up to 15% were obtained by
switching to high-pressure sodium lighting at a New Haven
foundry.

2. Movement of clean waste heat to where it is needed can be
profitable by recovery of heat from molds and cooling areas for
process heat in other areas.
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3. Pouring yield, that is, the effective weight of castings per
mold relative to gross metal poured into the mold, is an impor-
tant statistic indicating efficiency of pattern layout and
gating techniques.

An improvement in pouring yield from 40% to 45% reduced energy in
remelting the returns approximately 9% at Hayes Albian and even at 60%
yield, about 40% of melt energy is being dissipated by recycling of metal
within the foundry.

4. Shakeout systems operating with no load and excessive sand to
metal ratios consume energy with no increase in production.

COMPRESSED AIR SYSTEMS

A number of simple guidelines, if effectively followed, can save
foundries significant amounts of energy through conservation of com-
pressed air.

Conservation measures are especially needed to increase the effi-
ciency of pneumatic cylinders. Some foundries have oversized cylinders
and longer than necessary strokes. Onlyone cylinder size is correct for
any given application and knowledgeable suppliers can provide the infor-
mationnecessarytodeterminethecorrectcylinderforanyspecificoperation.

Example: A foundry presentlyis using a 3-1/4" x 6" diameter cy-
linder for one of their plant air compressors. Consultation with
the compressor manufacturer resulted in changing to a 2" x 4" dia-
meter cylinder. Air consumptionper cycle at 100 psi pressure was
recorded for each cylinder size as follows:

• Correctcylinder --- 0.108 SCF

• Oversizedcylinder--- 0.428 SCF

Use of higher pressure than those required wastes considerable com-
pressed air; limiting pressures to the desired level with quality regu-
lators quickly repays the initial investment. Figure 1 shows effect of
different line pressures.
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FIGURE 1. HOW LINE PRESSURE AFFECTS AIR CONSUMPTION

A large percent of cylinder and rotary actuator applicationsre-
quire maximum thrust in one directiononly and the return stroke can be
made with greatlyreducedpressure-- this is true with jolting,squeez-
ing, stamping, swaging, clamping, and cutting operations-- see Fig-
ure 2.

WITHOUT REGULATOR

Advance stroke .......................gO psi
Retract stroke .......................90 psi
Air consumed ...............156 cu.in./cycle

WITH REGULATOR

Advance stroke .......................90 psi
Retract stroke .......................20 psi
Air consumed ...............112 cu.in./cycle
Air saved ............................ 28%

FIGURE 2. HOW PRESSURE REGULATION SAVES ENERGY

Air Leaks

Leaks occur from defective hoses, couplings, fittings, valves,
tubes, and actuators. Even leaks that cannot be detected audibly contri-
bute to substantialenergy losses. The cost of energy loss through
misapplicationand leakage in pneumaticsystems is so appreciablethat
it often results in foundriespurchasingunnecessaryair compressorca-
pacity. Unnecessary expenditures combined with wasted air can be curbed
with effective energy management.

Exampleof loss in energy due to leaks:

• 1/16 inch diameter air leak uses about 2,520 kwh/year

• 1/8 inch diameter air leak uses about 10,100 kwh/year

|
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DUST AND FUME COLLECTION

Dust collection equipment (baghouses, scrubbers, etc.) and its as-
sociated exhaust fans and miscellaneous accessories consume relatively
large amounts of electricity.

Foundries generate a lot of dust and fumes in many phases of produc-
tion. In order to satisfy the Environmental Protection Agency (EPA) and
local air pollution control agencies, large volumes of air need to be
exhausted. Fortunately, in California, there is no need for replacing
exhaust air with heated make-up air, therefore, the energy expended is for
pollution control equipment only.

The energy savings potential for dust of fume collection equipment
is minimal providing the system is operated and maintained correctly.
The following checklist should be implemented to minimize electrical
power consumption.

1. Install well designed ventilation hoods to keep air volume to a
minimum.

2. Keep pressuredrops acrossfilterswithin initialdesign para-
meters.

3. Develop and maintain strict preventative maintenance proce-
dures.

4. Turn system off when not needed.

HEATING, VENTILATION, AND AIR CONDITIONING

The need for comfort heating, ventilation and air conditioning in
CaliforniaFoundriesis practicallynonexistentexceptfor minor heating
and air conditioning in offices and maybe some heating in pattern shops,
laboratories, and the like.

Investment casting facilities generally have fairly large process
air conditioning systems with stringent humidity requirements. Interior
design conditionsare usually72°F dry bulb temperatureand 45° relative
humidity which requires both summer dehumidification and winter humidi-
fication.

Due to the many types of system variations and equipment applica-
tions in investment casting facilities it is impossible, and beyond the
scope of this study, to recommend energy conservation measures in spe-
cific terms. Facilities with air conditioning systems larger than 20
tons (240,000Btu/hr}should engage qualifiedprofessionalsto optimize
system performance.

The following list points out some areas where energy could be
conservedeither by retrofit,changes and/or modificationsto existing
systems:

• Add additional insulationto roofs, ceilings, or walls where
practical.
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• Installsolar film on windowsto cut cooling loads.

• Install weather stripping around windows and doors.

• Installhigherefficiency lightingsystemswhere possible.

• Reduceoverall illuminationlevels.

• Reca]ibrateall controls.

• Lock thermostat to prevent resetting by unauthorized personnel.

• Install enthalpy controls to optimize use of outside air for
natural cooling.

• Retest, balance, and adjust systems.

• Turn off air conditioning machinery during unoccupied hours.

• Optimize system startup times.

• Reduce outdoor air and system air volumes.

• Replace forced air heaters with infrared heaters.

• Insulate piping and ductwork in unconditioned spaces.

• Reclaim process exhaust energy and utilize it for space heating
and absorption cooling.

• Install solar-assisted heat pumps.

• Replace constant volume air systems with variable volume type.

• Use properwater treatmentto reducefoulingof heat transfer
surfacesinchillersandheatexchangers.

• Maintainallequipmentforpeakefficiency.

PROCESSWATER

!

Some foundriesutilize "once through"processcoolingwater systems i
formeltfurnaceandquenchingoperations.

Water recovery in the foundry is a valuable source of increasing
operating economics,and can lend itself to energy recycling. Cooling
for hydraulic presses, air compressors, melting furnaces, and quenching
operations is generally accomplished with water. As much as 98% of
otherwise wasted water can be recovered by installing a "closed loop"
recirculating water system. The evaporative cooler, commonly referred to
as a cooling tower is normally used for this purpose.

P
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Other than conservation of natural resources, installation of a
"closed loop" recirculation system will not conserve energy unless heat
recovery is employed. In California, recovered heat can only be used for
preheating domestic hot water, which would have to be required in fairly
large amounts at the right time to make heat recovery economically fea-
sible.

PLANT LIGHTING SYSTEMS

Foundries utilizing incandescent lighting systems can save signi-
ficant amounts of energy by replacing with high pressure sodium units.
For example: If a foundry replaced 365 - l,O00 watts incandescent units
with 185 - 400-watt high pressure sodium units (HPS) the resulting de-
crease in electrical load would be 288 kilowatts with no significant
change in lighting level. Assuming the lights burned 250 days per year,
and 8 hours per day and the cost of electricity was 5 cents per KWH The
energy cost savings would ammount to:

288 kW x 250 x 8 x 0.05 = $28,800per year.

In addition to conserving electrical energy, further saving can be
realized in replacement costs due to the longer life of the HPS System.
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PART F

LONG TERM PROCESS CHANGES

CHARGE PREHEATING

Preheating of charge material is considered to be cost-effective,
however,total use of energymay.increase.

Overall energy reduction would be possible with gas preheating pro-
vided that waste heat is recovered for combustion air heating (see Fig-
ure 2).

The percentheat distributionin melting ironfrom 70°F temperature
to 2,700°Fis as follows:

Heat Percent

Sp. heat Content Heat Stage
Form Temperature Btu/ib./OF Btu/Ib. Required

Solid 70° F 0.130 10 t)_

Solid 1,000 ° F 0.140 140 65% Preheat
Solid 1,200 ° F 0.147 1176
Solid 2,300° F 0.161 370 22_ Melt
Liquid 2,300° F 0.214 492

Liquid 2,600° F 0.209 543 _ 13% Superheat
Liquid 2,700° F 0.208 562 )

100%

The percent heat required column indicates that major energy is
used to preheat the metal.

The methodology used for comparing gas preheating versus all elec-
tric melting is as follows:

Heat required for preheating is expressed as:

Btu/Ib.of metal = (tI - t2) x specificheat

Where :

tI = final preheat temperature(l,O00° F)

t2 = initialcold temperature(70° F)

Specific heat of iron (0.140)

Therefore: Heat requiredto raise to l,O00° F is:

(l,O00 - 70) x 0.140 = 135.8 Btu/Ib.
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Example

Find the cost differential, in dollars per ton, of metal

preheatedfrom 70° F to l,O00° F by utilizationof gas or electricity.

(a) Electricity

" Energy introduced at coil based on 70% efficiency

(l,O00 - 70) x 0.140 x 2,000
= 372,000Btu70% e_ff.

• Energy required for auxiliaries

372,000x 0.05 = 18,600Btu

TOTAL = 390,600Btu

Converted to KWH 390,600
= 3,412 = 114.5KWH

Assuming electricity cost $0.05 per KWH= $ 5.725 per ton

(b) Gas

° Energy input based on 30% efficiency*

l,O00 - 70 x 0.140 x 2,000
30% eff. = 868,000 Btu

Assuming gas costs $0.30 per therm

868,000 Btu
lO0,O00Btu/therm x .3 = $ 2.58 per ton

From the above example it costs approximately double to preheat

with electricity.

* See Figure No. I.
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WASTE GAS TEMPERATURE LEAVING FURNACE

Fuel saved by preheating combustion air. as a function

of flue gas and preheated air temperature. Example

shows that with a waste gas temperature of 1,900 F and

intake air preheated to 800 F in a recuperator, fuel

savings achieved are 25 %. Courtesy Thermal Transfer

Corp., Monroeville, Oa.
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COGE NERAT ION

Cogeneration in simplistic terms is a process of "energy cascad-
ing" by utilization of waste heat from various foundry operations
(i.e., heat treat furnaces, melt furnaces, etc.).

The first step (or top cycle) of a cogeneration system is the
generationof electricitywhich is used for in-plant electrical base
load or peaking load service, the electricity produced replaces, in
part, that which is normally purchased from the utility company. The
last step (bottom cycle) in the thermodynamic cycle is the use of waste
steam for industrialprocessesand/or environmentalconditioning(see
Figure 1 below).

t---FLUE GAS

- EXHAUST

/ " I .ASTtFUEL INPUT HEAT BOILERt_
H.P. STEAM

.ASTE TE ,3 J

J STEAM
TURBINE

PLANT ELECTRICITY

_' TRANSFORMER '4 IN-PLANTGENERATED ELECTRICITY

FIGURE 1. COGENERATION BLOCK DIAGRAM

Cogeneration in a typical foundry is an intermittent operation,
electricity production is possible only when equipment that is develop-
ing waste heat is operational.



Referring to cogeneration block diagram, Figure 1, the following
major equipment is required for onsite power generation:

• Waste heat recovery boiler; these are available in water tube
or fire tube design.

• Steam turbine

• Electrical generator

• Automatic synchronization equipment

Generation of onsite power by utilization of plant waste heat is
extremely costly to install and maintain. Also, generation of high
pressure steam could possibly require a full-time Class "A" boiler
operator.

The complexity and initial expense of cogeneration, when applied
to the typical foundry, is not cost-effective at this time. A detailed
and comprehensive analysis would be required to justify the use of
onsite power generation in a foundry of suitable size to warrant such a
system.

NOTE

Capital cost expenditures are in the order of magnitude of approx-
imately $1,200 to $1,500 per kW installed.
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PART G

MANAGEMENT ACTIONS

YIELD IMPROVEMENT PROGRAMS

Improvement in mold yield, to increase good castings relative to
total poured metal, has a direct impact on energy usage by reduction of
total melted metal required for a fixed weight of good castings.

Yield is made up of several parts comprising the effects of:

• Melt loss due to oxidation

• Slag

• Spill metal

• Pigged metal

• Pouring system, (gating, risers, excess casting weight)

• Scrap losses, grinding and machining losses

The typical foundry overall yield is 50% which results in required
energy to melt double the finished casting weight. One percent yield
improvement for lO0-pound casting, from 50% to 51%, reduces metal melted
by 4 pounds.

Melt Losses: Occurs in all melting processes and ranges from 1-
2% in electric furnaces to 7-10% in cupolas or
higher in direct gas-fired furnaces. Selection of
raw materials and redesign of melting unit and
method changes can minimize the loss.

Slag: Generated from impurities in the metal and oxida-
tion, includes a percentage of pure metal, oper-
ating practices to restrict excess metal entrapment
in the slag are necessary.

Spill: Inaccurate pouring and bad transfer techniques re-
sults in metal melted that is not available for
casting.

Pigged Metal: Can amount to 1-2% of total metal me]ted. The
correct measurement of ladle quantities is neces-
sary in order to avoid skulls remaining after pour-
ing. Correct sizing of ladles to prevent exceeding
the workable pouring temperature range, before all
the metal is utilized,will reduce pigging losses.
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Pouring System: Ratio of poured metal to gross castings is the base
yield fiqure. Improvements to runner systems,
small risersor exothermic/insulatorson the riser
are required in an ongoing program to attain good
yields.

Lightening of castings, if acceptable by the cus-
tomer, will also reduce metal melting requirements
and total energy used. The change may be in design
of casting section thickness or closer tolerance to
produce a casting with mold wall movement and
"swell". The effect of weight reduction is shown
in Figure 1.

I PERCENT REDUCTION WEIGHT REDUCTION

MELT ENERGY
5

!i ORIGINALYIELD45%

FINAL YIELD 42.5%

0

0 2 4 6 8 I0
PERCENT CASTING WEIGHT REDUCTION

FIGURE i. EFFECT ON MELT ENERGY OF REDUCING CASTING WEIGHT
(Hayes Albion)

Scrap: Reduction of scrap is of utmost importance in all
foundries for overall cost reduction and energy
savings. Figure 2 shows the melt energy savings
when scrap is reduced from 10 percent to zero.
There is an approximate linear relationshipof
energy reduction to scrap reduction,ie; one percent
scrap reductionsaves one percent in energy input.



SCRAP

PERCENTREDUCTION,MELT ENERGY

[Base of I0% Scrap]

,o
8.

6-

4-

2"

0 r
2 4 6 8 I0

PERCENT FOUNDRY SCRAP

FIGURE 2. EFFECT ON MELT ENERGY BY REDUCING SCRAP

COMBINED EXAMPLE

Percent
Sales Melt Energy
Weight Scrap Yield Weight Reduction

BASE 100% 8% 4.5% 241.5% 0

IMPROVEYIELD 100 8 _ 217.4 8

REDUCESCRAP 100 _ F_l 212.8 l.g

REDUCESALES WT. rE_ FG-I _ 202.1 5.4

11s.31

FIGURE 3. EXAMPLE OF EFFECT ON MELT ENERGY WITH COMBINED
IMPROVEMENTS IN YIELD, SCRAP AND CASTING WEIGHT

Grinding and Losses due to machining away parts of the casting
Machinery: and grinding to remove ingate pads etc. must be

minimized by design and careful positioning of in-
gates on the casting. Cooperation between custo-
mer's design engineer, on initial casting con-
figuration,and the patternmaker is essential.
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ESTABLISHENERGYMANAGEMENTPROGRAM

For an energy management program to be fully effective foundry
management should establish the position of "Director of Energy Conser-
vation". The functions of this office would be:

• Establish the total energy cost per unit for each department or
division.

• Perform in-plant inspections to identify energy conservation op-
portunities.

• Establish and maintain an on-going energy conservation program
in each department.

• Establish in-house training program for department supervisors.

• Analyze future energy requirements.

• Assist in establishingplans and capitalinvestmentrequirements
for implementation of conservation programs.

• Provide personal contact between various utility companies.

A single person cannot physically handle all the above assignments;
the Director of Energy Conservation must form a committee comprised of
top level management people and other members of virtually all depart-
ments of the foundry such as melting, heat treating, mold and pouring,
cleaning and finishing, and maintenance. The committee thus formed must
coordinatea total energy managementprogram to determinewhat is to be
done to reduce the amount of energy used.

After determinationof energyreductionmeasuresthe committeemust
follow through with the modifications and changes, to equipment and pro-
cesses, necessary to accomplish the end results.

Implementation of a full scale energy management program coupled
with comprehensive preventative maintenance procedures will, by refining
proven and successful foundry management concepts, derive major energy
and cost savings.

Efforts to improve foundry profitability by reducing equipment and
process downtime, increasing yield through reducing casting weight, re-
ducing scrap and improved schedu|ing will also pay off in conservation of
energy and related cost savings.

Allout efforts to reduce energy consumption will significantly re-
duce the cost per ton of shipped casting, which will improve sales and
profits. These challenges and opportunities are present in all foun-
dries and shouldbe carefullyaddressedby foundrymanagement.
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OPERATING PROCEDURES

Management approach must be to plan for operating with minimum
energy usage. Improved scheduling in terms of when to run partial loads
or reduce melting to fewer days but longer hours per day are very basic
decisions.

It is not intended that all equipment operate 24 hours per day;
careful scheduling can provide for metal to be melted up to pouring
temperature at the time it is required, early melting will waste energy
due to holding at temperature for long periods.

Changes in processes can be justified in energy savings, for exam-
ple; shell or hot box core making conversion to cold box or no-bake
methods.

General control of heating and high energy using equipment is nec-
essary to see that it is only runnning when needed. Heat treat furnaces
operated on a condensed schedule of several loads back to back will
reduce the total energy required to initially heat up the mass of re-
fractory, this is also covered in Section II.

Demand limiters for electric power and shifting the production or
melting program to take advantage of off-peak power rates is also covered
elsewhere.

Advantages of energy efficient conversions from direct fuel fired
equipment to electricity may also be considered in terms of quality
control refinements, improved operating conditions, with noise and ex-
haust requirements reduced. In nonferrous melting operations the cost
advantage of reduced melt losses with electric melting offsets the added
energy cost.

A checklist of practical energy conserving suggestions covering
plant operations for management to investigate is included in the work
book section, Volume II.
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PART H

MAJOR PROCESS CHANGES

MELTING (GAS VERSUS ELECTRIC 1

Foundries engaged in the planning of new melt facilities or con-
templating major changes to existing facilities should analyze gas ver-
sus electric melting, particularly from the standpoint of fuel avail-
ability in the future. The following tables and graphs illustrate the
differencesin energy consumptionand costs for various types of melt-
ing practices.

TABLE1. COSTOF ENERGY

Energy Cost Energy Cost
Energy per unlt Conversion per Therm
Source Delivered Factor (100,000 BTU)

Electricity $ .O4/KWH 3415 BTU/KWH $ 1.172

Natural Gas $2.50/1000 CF 1000 BTU/CF $.250

Fuel Oil $ .45/C._I 144,000 8TU/Gal. $.312

Propane $ .35/Gal 93,000 BTU/Gal, $.376

Coke $ .075/Lb. 12,690 BTU/Lb. $.590

Coal (Bitumimous) $ .0175/Lb. 14.030 BTU/Lb. $.124

Note: Costs of fuels have wide variationswith regards to locationand goverrunentalcontrol. The reader should
researchhis particularsituationwlth fuel costs. Moreover,availabilityof fuels rather than costs is
emphasized in this paper.

Energy usage by alternate fuels is shown on the following Table 2.

TABLE 2. ENERGY REQUIREMENTS FOR MELTING AT 100% POWER UTILIZATION

i

ENERGY CONSUMPTIONIN I04HPER TON

TEMPERATURE HEAT CONTENT THEORETICAL GASAND ELECTRIC
METAL (°F) KWH/TON OIL-FIRED COKE-FIRED (****)

Aluminum 1,400 295 1,406"-2,138"* N.U. 500

Copper 2,300 190 1,523" N.U. 334

Gray Iron 2,750 340 N.U. 801"** 500

Steel 3,000 363 N.U. N.U. 606

References:
*CrucibleHandbook, Crucible Institute.
**Stahl SpecialtyComB)any(ReverberatoryFurnace).
*'*CupolaHandbook,AFS, I965, P.292.
****PubiishedData by Inductionand Arc Furnace Companies.
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Example: Assumea requirementto operatesix 2,000 ]bs/hraluminum
melters-'-s-w-ii-_overallyearly utilizatioo of 70 percent (no preheat).

..................................................... t

Melting Therms Holding Therms Therms/Ton
Furnace Per Ton/Yr Per Ton/Yr Per Year Cost/Year

Gas/Oil Reverb. 304,760 72,489 377,249 94,300/117,700

Gas/Oil Crucibie 288,000 288,000 72,000

Coreless [(_¢,_ct_ I01,798 6,231 I08,022 126,386

ChanneI Induction /1,744 3,232 74,976 87,722

Elect. Reverb.*l 88,965 1,I00 90,065 105,376

Note: Above costs shouldbe adjustedfor particularsituationand
user energyrates. Also if 860°Fpreheatis utilized,gas/oilcosts may
be reduced approximately $24,500. Preheating for electric melt reduces
costs approximately$13,000.

Energyonly cost differencesshows advantagefor channelinduction
and gas crucibles, however, for cost justification analyses, other fac-
tors such as capital cost, maintenance, melt loss due to oxidation and
genera] process variable should be taken into account on an individual
basis.

MELTING (COKE VERSUS ELECTRIC)

Coke Fuel for Meltin9 in Cupolas

The most efficient cupola system is a highly utilized, uninter-
rupted operation. This will present the best metal to coke ratio.
Provided that the coke ratio does not change during melting, the only
additional coke charges made are to compensate for variations in
operation.

The length of campaign will also be reflected in bed coke usage,
with ratios as low as 1:1 for short daily me]ting cyc]es, also delay
in b]ast-on time, after igniting the coke bed, a]lows excessive
burn-out and waste.

Distribution of energy from cupo]a coke is shown as fo]lows:

Percent

Heat inme]tediron 40

Latent heat in stack gas 35
Sensible heat in stack gas 13
Other (s]ag,]osses) 12

100



Y

Modificationsto the conventionalcupolas to recover much of the
stack loss is feasible by use of the recuperativehot blast techniques,
but a foundry may decide against this method because of excessive capital
costs. Divided blast systems, where thetuyeres are located in two rows,
separated by approximately 36 inches, is proven to increase top temper-
atures and reduce coke. Coke savings is also possible by enrichment of
the blast air by 2.0 to 4.0 percent oxygen.

Injection of coke, breeze to reduce fuel cost plus use of Anthracite
coke and shredded auto tires, as an energy and carbon pick up source, are
other methods of savings, however in all cases the degree of savings is
proportionalto the capital cost and/or operating problems incurred.
These energy reduction methods are all in use, but the total combination
of savings is only available under experimental situations. Capital
costs of over 1.0 million dollars is reported to be involved in upgrading
cupolas for full maximization of energy savings.

Electric Furnace Meltin9

Furnaces for melting with electric power are available as follows:

• Direct Arc

• Coreless Induction

• Channel Type Induction

• Resistance Type - Reverberatory Furnaces

The efficiency of electric melting is highest where a full bath of
metal at liquid stage is being heated. Ability to maintain temperature
within close tolerance and melt on a continuous or intermittent basis is
of major advantage in electric melting. Other applications of electric
power usage, as applied to the melting of metal, is covered elsewhere in
this study.

Efficiency of electric power usage, used in this analysis, does not
include primary conversion of "in ground fuel" to electricity or trans-
mission and transformer losses. Study considers only the energy as
delivered to the foundry in usable state. Section II, Part D covers
in-depth analyses of coke versus electric melting.
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LADLE PREHEAT (GAS VERSUS ELECTRIC)

Electric ladle drying and preheating costs can be cut as much as
50%, dependingon utilityrates, by use of electricsiliconcarbide glo-
bar type elementsutilizedin conjunctionwith correctlydesigned ladle
covers and controls.

The high therma] efficiency of electric ladle heaters, as compared
to gas combustion devices in which a very large part of the available
heat is wastefully vented to atmosphere, will afford maximum energy
savings. As an added feature automatic programmed temperature control
willprovideclosetemperaturecontrolwithoutoverheating.

Figure 2 shows attainablecuring and preheatingcycles for 2,000- I
t

pound,30-inchdiameterladlewitha 65kWheate_.

0vow_

Units available to suit ladle sizes are as follows:

kW LadleSize Capacity-Pounds

25 17-1/2 - 21-1/2 500 - 1,000
40 21-1/2 - 27 1,000 - 2,000
65 27 - 34-i/2 2,000 - 4,000
100 34-1/2 - 43-1/2 4,000 - 8,000

I
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SECTION II

INTRODUCTION

This section provides all necessary charts, graphs, tables, and
mathematical formula for the development of energy savings in quantative
form for:

• Electric power and cost savings relative to the melting of metal
in all available types of furnaces. By utilizing hypothetical
mathematical models it will be shown how to cut energy cost
and/orconsumptionby improvingpower factors, installingdemand
limit controls, changing to "off-peak" melting and demand shift-
ing.

• Gas energy reduction relative to melting, heat treating, and
ladle preheating. By utilizing hypothetical mathematical models
it will be shown how to reduce energy cost and/or consumptionby
improving combustion efficiencies, installation of ceramic fiber
lining, installation of covers, and adding combustion air pre-
heating.

• Reduction of coke usage in cupola melting by upgrading equipment
such as adding hot blast via stack gas recuperation divided
blast and oxygen enrichment. Also shown is the comparative
energy usage for cupola versus electric melting.
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PART A

ELECTRIC MELTING

GENERAL

As stated previously in Section l of this report, approximately 34%
of the total energy input (all fuels) to a typical steel foundry is in
the form of electricity, of this 34% approximately 60% is attributed to
the melting of metal. This section deals with energy and cost savings in
electric melting operations and covers the following areas.

• Furnace operation

• Energy usage

• Demand

• Demand control

• Off-peak melting

• Demand shifting

• Power factor correction

INPUT DATA

The required input data needed to analyze present melting oper-
ations, from the standpoint of energy consumption is:

• Electric utility bills for the past twelve months

• Kilowatt demand load profile

• Rate schedule for summer and winter "Time of Day" billing

The electric energy usage for 1979 calendar year is shown in
Table 1. The kilowatt demand load profile covers a period of 48 hours
and represents an electrical demand requirement for electric melting
(See Figure 1). The load profile was developed from the kilowatt demand
printout (See Table 2). From Table 2, it should be noted that the
kilowatt demand for each five-minute interval for each 24-hour period is
I isted.
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TABLE i. ELECTRICAL POWER USAGE

I "] FUEL

BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS
BILLING PERIOD ENERGY KWH DEMAND FACTOR CHARGE I CHARGE CHARGE BILL NET BILL

TJANUARY 1979 376,800 Z,291 , .97 I 11,570 (638) 5.394 17,602 I$ 16,964.00

FESRUARY 1979 386,400 2,255 ,! .98 i 10.757 (647) 5,3|8 16,722 16,075.00

MARCH 1979 367,200_ 2.279 t .99 i 10,136 (648) 5,361 16.145 15,497.00

APRIL 1979 41S,200 NIA F NIA _ HIA IliA N/A NIA 16,728,00
?-

MAY 1979 376,800 2,266 I .98 10.443 (548) 5,341 16,332 15,784.00

JULY 1979 228,000F 2,281 .98 6,646 (450) 5,373 12.469 12,019.00

AUGUST 1979 I 384,000 I 2,262 .99 10.748 (476) 5,333 1 16.557 16,081.00

SEPTEMBER 1979 434,400 F, 2,404 .99 12,117 (509) 5,634 i 18.260 17,751.00

OCTOBER 1979 i 432,000 _ 2.443 .98 12,650 (505) 5,717 18,872 i 18,367.00

NOVE,_IBER1979 468,000 _ 2,500 .98 L 14.149 (5211 5,838 1 20,508 i 19,987.00

I J
DECEMBER 1979 427,200 N/A .99 N/A (256) N/A 15,029 1 14,772.00

TOTALS J 4,672,800 !%195.925.00

230-_

22D-_
210_-

2OO-r

190J-
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170-_
160+
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140"_

130_x
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70-

60-
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40-

30-

20-
10-

I # I ( I I f ( I I t
1Z:O0 4;00 8:00 t_OON 4:00 8:nO IZ:O0 4:00 8:00 NOON 4:00 8:00 12;00

FIGURE i. ELECTRICAL LOAD TABLES
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TABLE 2. KILOWATT DEMAND PRINTOUT

Start
Time
12:0Sam
_lumn

|NIV&LIFWN rUE |NYTM _N TU[ _NTVAL _O_ TUE IHtVAL nOM TUE INt¥AL FmN TUG I_YVAL MOH TUE
twOl_ ,-t) ,.,, [n0lWO 4-17 ,-eb _NDIN_ *'11 4-11 Em0tNO _'I; 1-l& _mDlnO 4"It 4-II (#0LMQ 4-I) 4-II

615 _ I05 1271 926 1_15 2178 481 lJO5 8'_ 912 _115
15 _10 _ II| 1231 96_ 1211 2112 41l 1610 837 118 201111 '1_ 115 1269 981 1_15 21*8 451 1615 712 _32 ZQI5

ts _21 _ 121 _24 9)2 1_0 214g 541 3621 518 5_5 2020
_ _25 1_5 1_53 303_ 1225 2102 121 1625 2.I 535 2025

• $0 "1 1_0 1315 1381 1231 _037 756 1630 64 53Z 2131

35 _*0 8_0 15iO 1_1_ 1245 11$2 140! _J_l _ 20'1
• 1 *45 _ 1_5 15_ 1_33 1_'5 I_I 1716 ,14_ }]_ 204545 _50 850 1_79 1._8 1250 2107 I)55 1_5o 340 _|58
58 45_ _ 15_ ]8_4 13e6 1_55 20_ 139Z 16_5 ]4_ _055_5 500 9eo 17_* 1224 1_10 21.8 |81_ l_O0 331 21oo

101 505 _ a8 905 1_ leZ_ 1_05 _o5_ l&Ol 1705 3_9 2105

115 520 Zl_ '55 920 1611 II_6 13_0 I_** 1488 1720 211 212_

121 525 _ 518 9_5 ]_1 1257 1_5 1il1 151_ 1725 tie 212512_ 5_ _81 _31 16_ I252 13_o 1828 15_2 37_1 165 2131
1_0 535 _6 104) 9_5 1452 135! 1_35 1737 155_ 1735 154 21_5
135 5_1 3_0 1110 941 12_* 1411 I3_O 16'6 156_ 1740 lie 2140

1'5 55O 38l 1587 950 1156 1_88 1350 1561 15z6 1750 2_ 2151
150 555 412 175' 955 867 153& 1153 16_4 15'6 1755 2)2 2155
155 610 _41 1147 tile 4?2 _59L 1611 I525 1114 _00 23t Z_I_
_=i *05 *_1 18S4 11_5 _3' 1_18 141_ 1557 1204 1815 22_5215 z_z
210 2O8 _2LO_11 53P 1_7 1o18 $_1 1980 1610 13_2 lZOl ISle

615 _7_ 11_5 1115 8_ IV_2 1415 1_1 114a 1_15 Zl6 2215
ZL5 k20 597 1912 1e2o a_ 2oes 1420 92| 1449 1_1 177 2223
z21 6_5 588 20_8 1025 888 215_ 1'=5 561 1872 1825 16' 1225
_s 611 585 2037 to]o 890 _157 I*]_ _9 21o* 18_0 lie 2_0

2JS 660 580 201' 1140 7,_ 2061 1441 _95 2520 1840 15 12'0
_*o t_5 580 20_t 1_'5 7_S 2033 14_5 120' 2_88 18*5 _245
t*5 650 $8_ 2021 1151 _06 2035 1450 1511 _43_ 1_$0 2258
_0 1_5 407 1845 1055 89_ ZlOV 1'55 1927 2_5 18_$ 125_
255 7oo _19 1613 I_eO 10¢2 _222 1511 2013 23_ 130o 2301 "4
3C= ?15 835 lo)_ Ile_ )_62 =205 1515 zo¢_ 22_8 1905 |305

_I) 715 _51 tSl_ III_ 1550 2215 1515 1807 18_9 I_I$ _15
515 720 _1_ 161_ I1_0 1877 2_15 1520 175_ 1596 ,120 _32|
321 725 a?_ l_)* &125 1778 2_25 _525 3_Oa 1121 t)_5 1325
32_ 75_ 51_ 1'¢8 I1_0 1712 13*9 1530 15_o 1204 19_1 Z330
$31 )]5 969 |_12 1135 IaZ_ 140_ 15_5 _3_1 lifo 15_5 2333
_35 341 I)_4 1171 1140 11_8 1212 15_1 1121 1115 1)40 2_*e
_*_ ?*_ I08' 116_ 11_5 1180 928 t5_5 )03 1272 13'5 134_
345 75| _lel lt$_ 1150 1)51 67_ 1_50 868 |_l e 1150 _358
_e 75_ 11_ lll_ 1155 19_? 5_ 1555 83_ 1|75 1955 2355
*o1

Kil owatt FSni 5h
Demand Time
Column 12:00pm

Column

LOAD PROFILE DEVELOPMENT

Foundries with a separate electrical service to their melting fur-
naces can develop their own in-house kilowatt load profile in the fol-
lowing manner. Prepare a chart, using graph paper with one-tenth of an
inch/toone inch divisions,recordingtime along abscissaaxis and kilo-
watt demand along ordinate axis. Along the abscissa axis set out the
"time of day" billing hours. Setting up the graph in this manner will
indicate if the high kilowatt demands are occurring during the "on peak"
hours (See Figure 2). From the kilowatt demand printout, record the
thirty minute kilowatt demands for chosen time periods. When all 30-
minute kilowatt demands have been recorded, connect all points to obtain
profile of load. The procedure for developing a winter kilowatt load
profile is the same as "summer", but the "time of day" billing hours
change (See Figure 3).

Foundries that are not provided with a kilowatt demand printout for
their electric melting operation or have only one electrical service for
both melting and general plant service will need to install submetering
of the service feeders.
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Using a three-phase tap-type recording ammeter and a clip on type
power factor meter the necessary data can be obtained to find the kilo-
watt demand.

Example

If the ammeter recorded 400 amperes with a 0.80 power factor the
kilowatts would be as follows:

I x E x 1.73 x PF
]000

400 x 480 x 1.73 x .80 = 265 kilowatts
lO00

From the above reading the kilowatt load profile can be developed.
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OFF-PEAK METAL MELTING

Utilizing "off-peak" hours for metal melting, substantial cost sav-
ings can be realized by lowering the demand and energy charges.

Figure 4 illustrates a total demand load of 2,300 kilowatts, of this
amount approximately 59% or 1,357 kW is attributed to melting of metal,
the remainder is base plant electrical load.

The following sample calculations illustrate the electrical cost
for demand,energyand fuel adjustmentchargesfor melting in on-peakand
off-peak hours.

1,357 KILOWATTS

OFMELTINGLOAD

SHIFTED TO NIGHT
250, MELTING

240

230

220.

210.

200.

190 -
180.

°

160

150 "_140

130

KW x 10 120
II0

100 _ ,90

 °'ll
70

60

50

40.

30
2O

10

: 1 i , _.
12 4 NOON 4 8 12 4 8 NOON 4 8 12
P/.I AM AM

FIGURE 4.
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r
SAMPLE CALCULATION (On-Peak Period)

Demand Charges:

On-peak per kilowatt of maximum demand

Totalon-peak1369kW at$2.50 $ 3,422

Plus "partial peak" per kilowatt of maximum demand

Totalpartialpeak1363kW at $0.30 $ 408

Plus off-peak, per kilowatt of maximum demand

Totaloff-peak1358kW no charge $ 0

Subtotal
$ 3,830

Ener_ Charges:

On-peak, per kilowatt hour: 12:30pm to

6:30pro 4-5hrs/day

Total kilowatt hours 98,571 x ¢O.022/kwh $ 2,168

Partial peak, per kilowatt ho_r: 8:30am to

12:30pm and 6:30pm to lO:30pm 8hrs/day

Total kilowatt hours 145,135 x ¢O.Ol9/kWh $ 2,757

Off-peak, per kilowatt hour: lO:30pm to

8:30am 10hrs/day

Total kilowatt hours 183,875 x ¢O.OlO/kwh $ 1,839

Subtotal $ 6,764

Fuel Adjustment Charges:

Total kilowatt hours : 427,582 x 0.04063 $ 17,372

Grand total for (demand, energy an_ fuel
adjustmentcharges) $ 27,966

Above calculations are based on normal day shift working hours and
summer "time of day" billing rates for a 30-day period. Figures are
abstracted from power company metered print-outs.
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Off -Peak Melting

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on-peaknoneat $2.50 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak none at $0.30 $ 0

Plus "off-peak" per kilowatt of maximum demand i
)

Total off-peak 1239at no charge $ 0 i

Subtotal $ 0

Ener _y Charge :

"On-peak", per kilowatt hour: 12:30pm to 6:30pm 6hrs/day

Total kilowatt hours none x ¢O.022/kwh $ 0

"Partial peak" kilowatt hours: 8:30am to 12:30pm
and 6:30pro to lO:30pm 8hrs/day

Total kilowatt hours none x ¢O.Ol9/kwh $ 0

"Off-peak" kilowatt hours: lO:30pm to 8:30am lOhrs/day

Total kilowatt hours 427,582 x ¢O.OlO/kwh $ 4,275

Subtotal $ 4,275

Fuel Adjustment Charges:

Total kilowatt hours = 427,581 x ¢0.04063 $17,372

Grand total for (demand, energy and fuel adjustment
charges) $21,647

Potential cost savings by shifting to off-peak melting would be
$27,966 - $21,647 = $6,319 or 22.5% savings for the 30-day period.
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DEMAND SHIFTING AND DEMAND CONTROL

If night melting is not possible, demand shifting and control will
permit metal melting during normal "on-peak"day time hours and still
save substantial costs. Demand shifting will extend the melting period;
this permits the sequential operation of the furnaces, thereby reducing
the peak maximum demand.

With uncontrolled operation, large kilowatt demands are developed
which produces low demand factors and low efficiency of power usage.
Figure 5 is representative of an uncontrolled operation of power input
to several furnaces. Figure 6, indicates how the kilowatt demand can be
reduced by extending the hours of melting operations, the demand limit is
set at 1,700 kilowatts. The sample calculations illustrate the poten-
tial cost savings if demand shifting and control is utilized. To insure
complete control of a set maximum demand, an automatic demand controller
should be installed, this controller automatically regulates or limits
operation in order to prevent a set maximum demand from being exceeded.
With the monitored information, the controller can calculate when an
overload of the set demand will occur. The controller will delay any
shed action to allow time for loads to shed normally. When it is
determined that it will be necessary to shed one or more loads to keep
from exceeding the set kilowatt demand, the controller will shed the
necessary load. This means that shedding will occur only once during a
demand interval and maximum use of available power will be realized.
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FIGURE 5. ELECTRICAL LOAD PROFILE (UNCONTROLLED)
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F
Sample Calculations _Uncontrolled Operation)

Demand CharBes:

"On peak" per kilowatt of maximum demand

Totalon peak 1,033kw at $2.50 $ 2,507

Plus partial peak per kilowatt of maximum demand

Totalpartialpeak 998 kw at $0.30 $ 299

Plus "off-peak" per kilowatt of maximum demand

Totaloff-peak994 kw no charge $ 0

Subtotal $ 2,806

Energy Charge:

"On peak", per kilowatt hour: 12:30pm to

6:30pm 6 hrs/day

Total kilowatt hours 98,571 x ¢0.022/kwh $ 2,168

"Partial peak" kilowatt hour: 8:30am to

12:30pm and 6:30pm to lO:30pm 8hrs/day

Total kilowatt hours 145,135 x ¢O.Ol9/kwh $ 2,757

"Off-peak" per kilowatt hour: 10:30pm to

8:30am ]0hrs/day

Total kilowatt hours 183,875 x ¢0.Ol0/kwh $ 1,839

Subtotal $ 6,764

Fuel Adjustment Charges:

Tota| kilowatthours = 427,582 x 0.04063 $ 17,372

Grand total for (demand, energy and fuel

adjustmentcharges) $ 26,942

Z KaG _-iI
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Sample Calculations (Controlled Operation 1

Demand Charges:

"On peak" per kilowatt of maximum demand

Totalonpeaknonekwat$2.50 $ 0

Plus partial peak per kilowatt of maximum demand

Totalpartialpeak998 kw at $0.30 $ 299

Plus "off-peak" per kilowatt of maximum demand

Totaloff-peak994kw no charge $ 0

Subtotal $ 299

Energy Charge:

"On peak", per kilowatt hour: 12:30pm to

6:30pm 6 hrs/day i

Total kilowatthours none x ¢O.022/kwh $ 0

"Partial peak" kilowatt hour: 8:30am to

12:30pmand 6:30pm to lO:30pm8hrs/day i

Total kilowatthours 145,135x ¢O.Ol9/kwh $ 2,757 _I

"Off-peak" per kilowatt hour: lO:30pm to
i

8:30am lOhrs/day I
I

Total kilowatt hours 282,446x ¢O.OlO/kwh $ 2_824 fq

Subtotal $ 5,581

Fuel Adjustment Charges:

Totalkilowatthours= 427,582x 0.04063 $ 17,372

Grand total for (demand, energy and fuel

adjustmentcharges) $ 23,252

KaG A-12 []



DEMAND CONTROL

With a power demand controller installed on the power system supply
to the furnaces, maximum kilowatt demand can be controlled.

The controller automatically regulates or limits operation in order
to prevent a set maximum demand from being exceeded. The controller
predetermines the demand limit and the demand interval. The sequence of
operation is similar to that described under "load shifting and con-
tro I".

Figure 7, illustrates the new load profile with demand set at 1,700
kW. Cost savings are the same as those computed under "Load Shifting and
Control ."

DEMAND PEAKS
CONTROLLED BY

i POWER DEMAND

250. CONTROLLER

240-

230-

220.

210"

200
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 ;Oo I
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14oi=! 13o-
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_;i tOOl

_ 9olL
u_! x 80.

_" 60

_ 50'

_i 40
_ 30
%! 20.

10' I I ; ; _ _ : : k: I I
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FIGURE 7. ELECTRIC LOAD PROFILE (DEMAND CONTROL)
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POWER FACTOR CORRECTION

The electrical efficiency of the coreless induction furnace is ap-
proximately 76-81 percent with a power factor of approximately 90-98
percent, the channel furnace is approximately 94-95 percent with a power
factor of 94-98 percent. With these high power factors designed into the
furnaces, no additional correction is necessary.

On the other hand arc furnaces have an approximate power factor of
70%, if capacitors are not installed on furnace transformers. It should
be noted that power factor improvement will not save in-plant energy or
reduce the customer's power bill, but will save energy at the utility
company power plant thereby reducing the nation's dependence on oil.

IMPROVED FURNACE DESIGN

Induction Furnaces

Improved profile of the power coil reduces the magnetic flux lines
penetrating through the outside corners, which in turn minimizes eddy
current loss, thereby improving furnace efficiency.

Use of castable backup refractory will eliminate the need for cool-
ing coils and save the energy that would otherwise enter into the cooling
water. The efficiency of the furnace can be increased as much as 10%
with these improvements. A foundry producing 25 tons a day can save
approximately $17,000 per year. Using representative figures for this
example the savings compute as follows:

Total energy required to melt 25 tons of metal per day =

25 x 500 kwh/ton = 16,500 kwh
0.76% efficiency

10% improvement= 16,500x 0.10 = 1,650 kwh savings/day

Savings/yearat 240 days = 1,650 x 240 = 400,000 kwh

Average power at $O.0427/kwh

400,000 x $0.0427 = $17,000 savings/year

Z_KaG A-14



Arc Furnaces

The installation of water-cooling on the sidewalls of the furnace
will reduce downtime necessary for refractory replacement. With instal-
lation of water-cooled blocks there is about 10% increase in total fur-
nace productivity; other benefits are:

• 80% decrease in side wall brick consumption

• Reduction of power "on-time" by 13%

• 3% energy savings

• 8% reduction in electrode consumption

The installation of solid-state furnace controls will automatically
position the electrodes within the furnace. The control maintains more
accurately the arc setpoint which give constant power input and longer
refractory life. The resistance sensing compensates for reactance to
allow more sensitive action to the arc resistance. With a constant arc
stability it provides for a higher through-put, with a higher input power
usage. The energy savings that can be realized are approximately 10 per-
cent.

Electric Glo-Bar ReverberatoryMelting Furnace (ERMF}

Installation of furnace covers over the charging and dipout wells
and the bath will save energy.

Sample Calculation

Potential energy savings in covering a four-square-foot opening
based on radiationlosses of 20,000 Btu's/SF/hrfor coveredfurnaces.

Four SF Area

Losses without cover = (4 x 20,000) = 80,000 Btu/hr
Losses with cover = (4 x 500) = 2,000 Btu/hr
Net reduction : 78,000 Btu/hr
Losses per 10-hr day-= (78,000 x lO) = 780,000 Btu
kwh saved(780,000 " 3412) = 228kwh

Annual savings (240 days x 228 x $0.042) = $2,298.00

Graphite Rod Holding Furnace

As the graphite rod holding furnace is not a primary melting fur-
nace, this furnace will not be addressed with regards to lost energy.
The efficiency and utilization of energy input for metal holding is high.
The power factor is maintained at near unity with this type of unit.

Z_ K a G A-15 []

r



SUMMARY

m

POTENTIALANNUAL COST SAVINGS

FOR ELECTIRCALENERGYAND DEMAND_/

PRESENT CONDITIONS POTENTIA CONDITIONS
i

ENERGY ENERGY ENERGY ENERGY POTENTIAL
ITEM CONSUMED AND DEMAND CONSUMED AND DEMAND ANNUAL COST

KWH COST$ KWH COST$ SAVINGS$

Off-PeakMelting 5,130,984 335,592 5,130,984 259,764 75,828

Demand Shifting
and Demand Control 5,130,984 323,304 5,130,984 279,024 44,280

DemandControl

Only 5,]30,984 335,592 5,130,984 323,304 12,288

FurnaceCovers 56,272 2,363 1,406 65 2,298

Improved Furnace

Design 3,960,000 ]69,092 3,564,000 ]52,182 ]7,000

l_/ Developedfrom sample calculationsshown previous] in thistext.

i. Potential annual cost savings are based on 240 operating days per
year.

2. Energy consumed per year is based on furnace loads only. Does not
include plant base loads.

3. Average energy cost of $0.06 per kwh based on 1980 rate schedules
should be used in place of $0.04 used in examples.

4. Potential energy savings shown are not all accumulative.
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PART B

NATURAL GAS MELTING

GENERAL DESCRIPTION

This section deals with energy savings in gas melting operations:

Formulas, calculations, and graphs have been simplified within the
Scope of the Project from the normally complex task of calculating heat
transfers to reflect constant conditions during the process.

To investigate any process in depth, it is essential to establish
parameters, calculate the data and plot results on a continuous basis to
establish the limits of the operation and equipment, and identify any
trends.

The work sheet lists the expected parameters for furnaces, burner
and ancillary equipment and operational data to complete a "one shot!'
energy audit. This constitutes abasefor any future improvements. Atape
measure, thermometer, flue gas analyzer and flowmeters will be the
tools needed.

K & G []
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GAS FURNACE DATA INPUT

Metaltype: Aluminum Annualtons 1,500

Pouringor tap temperature 1380 OF

1_/Heat contentBtu/Ib 497 Shifts/day One

Meltingperiodhrs. 8 Holdingperiodhrs. 16

Methodof Meltin9 Crucible Reverb

Metal melted/hr.Ibs. __ 2,000 _ 2,000

Burner ratingBtu/hr 3.6 x 106 4.85 x 106-

Total gas usage/hrCFH 3,600 4,850

Capacityof furnaceIbs. _ 2,000 5,000

Cruciblediameter 36"

Area.ofmetalradiationsq. ft. 4.0 4.0

Area of refractory wall:

Belowmetalsq.ft. 110 40

Abovemetalsq.ft. - 40

Thicknessofwallins. 6 6

Door open area or dip well sq. ft. -

Mean temperatureof walls OF - -

Outertemperatureof wallT1 lO0°F 100°F

Inner temperatureof walls T2 3,000°F 2,000°F
Present refractoryK value N/A 6

ProposedrefractoryK value

Rsvalueforrefractory - -

CO2 fluegasreading 5% CO2
Combustionair cfm N/A N/A

Combustionair wg N/A .. N/A

Fluegastemperature _ 1,150°F 1,600°F

AmbienttemperatureOF - -

Timeofdayused - -

Days/yearused 240 240

Energy cost/therm$ $0.30

I/ See Figure i for input data.
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GRAPHS_ TABLES AND CHARTS

The following graphs, tables and charts illustrated here
are to be utilized for performing sample calculations for
anticipated energy reduction measures.

Heat Content of Metals

The following graph (Figure No. I) shows the heat content
of numerous metals and alloys for various temperature ranges:

$001 i I _' ' i ' i ' ' i .... ..,_,u
l_-i • ' i i i .,,o,-,:^,_c°

::s- I i ! Ib_ I iII ;I i .I i i i_H I._F"

I " :A f-_00- I;,II I I ... ..- ^,...... _.....90 Cu I0 AI

"° I IH I I I .-_ .o°._,.,
"- /i.H I I I I'_'J_ co,,.

_" I_O" : ,$ Cu IS Zn=

_-zso ; _i I t I ..rt I_1t_" 12s. .

_2oo "_l I t I1/_'-I_l_l_li. II

= = I_O •7_. _,'.YI t J,-"f.J''T_'_ t l

_o. I00 ,'7 _:-'<_'_ I I I ill

.. soI ,'_'_-'(_---"_i I I I I t I I t I.,_1 t I I I t I I I i I _

600 800 1000 1200 1400 1600 1800 2000 2200 24(}0 2600

Tempcralurr F

Tcmpc_alure C

FIGURE 1. NORTH AMERICAN HANDBOOK

Example of use: With a 14000F metal temperature, the heat content
of aluminum die casting alloy is approximately 500 BTU/Ib.
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PERCENTEXCESSAIRFROMCO2 READING
i
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FigureNo.2 i

Source:NorthAmericanCombustionHandbook. I
(

Exampleof Use: A combustionanalysis shows 6% CO2 contentof the flue gas, _
with natural

gas burningequipmentthe excess air is approximately90%. /
P
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PERCENT AVAILABLE HEAT

From North American Combustion Handbook
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Figure No. 3

Example of use: With a flue gas temperature of 1100°F and an excess air
requirement of 90%, the amount of heat available for metal melting
(including heat lost by radiation) is approximatly 52%.
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Typical thermal properties of refractory and insulating concretes.

Therm_l
Fired Rent condltcflvltx', Therm RI

AlzcretT_ttc, ensltv, tape,city. ]1 tu. eel: diffusivlty.
b. |w'r ]],t.u. per (hr.lsq ft.) (sq. ft
ub. ft. (cub ft.) (dog. F. per hr.)

(delz. F.) l_rIn}

Vermirulite _ ----"9---- 1.2 0 011
Distomlte .. :: 55 4_I 1.7 O 010
Crushed H,T. insu.

]stln_ brick ,. 85 2l 3. °- 0.013
Expanded clay . . 00 22 3.$ 0.013
Crushed firebrick 115 2W 6 0. O|7
Mo)ochlte . , 120 31 M 0 021
Riliimaotte . . 135 33 IO 0.025
Carborundum 145 40 50 0. 103
CaJctnrd bauxite .. IGO d$ 12 00"Z.2
bla_nestte .... 1rio 45 20 0,037
Chrome-mnl_neslte.. 165 37 8 0.01 _'l
Fused magnesia .. 170 50 24 0 04
Fusrd alumina 175 52 16 0.026
Bnbble alum|n| 9b '2.2 G 0 023

TABLE - 1

Example of use: Read "K" (thermal conductivity) for type of
lining in use.

PHYSICAL PROPERTIES*

2100 2400 2600 2800 3000

Maximum Recommended 2100°F 2400°F 2600°F 2800°F 3000 °F

U_e Temperature I1150°C} (1315°C) (1425°C) (1540°C) {1650°C)

DensiTy (PCF) 12-15 18-22 18-22 18.22 18-22

Thermal Conductlv.W -k
IBTU - InJS.F.-°F - Hr.}

Same k values for these compositions.

600°F 0.26 0.29

_, 800°F 0.36 0.35

IOOO°F 0.48 0.41

u. 1200OF 0.62 0.48o 1400OF 0.77 0.57

c 1600OF 0.93 0.67

1800°F 1.08 0.79 "'k'" measurements made at
2000°F 1.24 0.93 - Refractories Research Center.

2200°F I,10 Ohio Stale University,
2400°F 1.30

Ref. Industrial Insulations, Inc.

TABLE - 2

Example of use:

Determine mean temperature from formula; tl - t2
- Mean wall temp.

Read "K" thermal conductivity under maximum recommended use tem-
perature.
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SJ-CAR J FUSF.D A.L.U_ INA

_/_/*'_ MIGt'i'.ALUkJINA C[LJF. NT /'CE*USHF. D FIIt|IRSCK
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DIATO_41TIL BRJC_

Composite refractory- and insulating-
concrete lining of a propane-fired furnace

Figure No. 6

Example of K values for above material, refer to Fig. 4

Fused alumina, K = 16
Crushed Firebrick, K = 6
Vermiculite, K = 1.2
Diatomite Brick, K = 1.7
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I



II IIllllllll[[II

HEAT STORAGEAND LOSSESBTU/SQ. FT.

WALL TYPE REFRACTORY HOT FACT TE[IPERATURE °F

TH I CK_;ESS l ,200 l ,600 2,000

8. ST. H.L. H. ST. H.L. H. ST. H.L.

9" Composite 13,700 285 19,200 437 24,800 615
2,000 ° insulation
and firebrick

13-112" Comoosite 22,300 335 31,400 514 40,600 /|8
2,000 ° insulation
and firebrick

72-I/2" Composite 43,200 182 61,000 281 79,200 392
2,000 ° insulation
and firebrick

6" Ceramic fiber 842 208 1,170 432 1,490 672

H. ST. - Heat Stored
H. L. - Heat Lost. BTU/Hr.

TABLE - 3

PREHEATING OF COMBUSTION AIR

56 I o_

,,++"36
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= i///>{//> 24
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< 16
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8y,,,,,, i
4 _- ;

oV [ I ;
0 400 800 1200 1600 2000 2400

AIR TEMPERATURE°F

Figure No. 8

Example of use: Read gas saved in percent against furnace temperature
curve for combustion air temperature obtained.

At 1600°F furnace temperature, and 1200OF air temperature, the
gas saved is approx. 26 percent.
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Figure No. 9

Exampleof use: Read net radiation(kw/m2) againstsurfacetemperature
and radiation curve.

e.g. at 800°C, radiatedpower is approx.100 kw/m2.
Where800°C = 1472°F.
100 kw/m2 = 30,000 BTU/sq.ft.
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IMPROVING COMBUSTION EFFICIENCY

A crucible furnace melts 2,000 Ibs of aluminum per hour, _low meter
readings indicate that 3,500 cu. ft. of gas per hour (3.5 x i0 V BTU/hr.)
is used.

Flue gas temperature was measured at 1150°F and the flue gas analy-
sis showed a COp content of 5%. Find present combustion efficiency and
probable efficiency, by installation of a nozzle mix burner and
fuel/air ratio controls, if COp content was corrected to 11% and excess
air reduced to 10%. For this Example it has been assumed that furnaces
are equipped with covers.

Present Combustion Efficiency

Heat required to melt aluminum,

• Heat content of metal is 500 BTU/Ib (Figure No. I)

• Amount of metal heated per hour is 2,000]b.

Therefore, Heat to product is 500 x 2000 = 1,000,000 BTU/hr.

Heat lost to exhaust.

• From Figure No. 2 with 5% CO2 in flue gas the excess is
approximately 130%.

• From Figure No. 3 with a flue gas temperature of 1150°F and
130% excess air, the percent of gross fuel input available to
do work (including radiation losses) is approximately 40%.

Therefore, of the 3,500,000 BTU/hr. energy input only (3,500,000 x
0.4) 1,400,000 BTU/hr (minus the radiation losses) is utilized.

Propable Combustion Efficiency

Heat lost to exhaust

• From Figure No. 2 with 11% CO2 in flue gas the excess air is
10% approximately.

• From Figure No. 3 with a flue gas temperature of 1150 ° and 10%
excess air, the percent of gross fuel input available to do
work (including radiation losses) is approximatly 65%.

Therefore, of the 3,500,000 BTU/hr. energy input (3,500,000 x 0.65)
2,275,000 BTU/hr. is available for melting the metal.

K & G
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As previously stated the amount of heat required to melt 2,000 Ibs.

of aluminumis 1,000,000BTU/hr. Presentcombustionefficiencycalcu-
lationsshow that 1,400,000BTU/hr.was availableto melt the metal.
Therefore:1,400,000- 1,000,000resultsin 400,000BTU/hr. being lost
by radiation effects. By increasing the available fuel to 65% it can be
readily seen that a smaller burner could be used to accomplish the same
work.

875,000 BTU/hr.
350,000 BTU/hr.x 100 = 25% less fuel

Summary

Item Present Energy Probable EnerBy

Heat to product 1,000,000 BTU/hr. 1,000,000 BTU/hr.

Heatloss to Stack 2,100,000 BTU/hr. 1,225,000 BTU/hr.

Heatloss (Radiation) 400,000 BTU/hr. 400,000 BTU/hr.

Gross Input 3,500,000 BTU/hr. 2,625,000 BTU/hr.

Process Energy Flow Diagrams

ENERGY /__INPUT

1.0 x 106Btu

FURNACE LOSSES STACK LOSSES

0.4x 106Btu 2ol x 106Btu

PRESENT CONDITION

2.6x106Btu TOPRODUCT

. I.N x 106Btu

FUR_;ACELOSSES STACK LOSSES

0.4 x 106Btu 1.2 x 106Btu

PROBABLE CONDITIO_I
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Process Energy Flow Diagrams

3.5xI06Btu TOPRODUCT
1.0 x 106Btu

FURNACE LOSSES STACK LOSSES

0.4 x I06Btu 2.] x 106Btu

PRESENT CONDITION

INPUT
TO PRODUCT

2.6 x 106Btu
ILO x lO6Btu

FURNACE LOSSES STACK LOSSES

0.4x 106Btu 1.2 x 106Btu

PROBABLE CONDITION

Yearly Energy Cost Savings

Assuming, using the above example, that the furnace melted 8 hours
per day, 5 days per week, 50 weeks per year then the energy and cost
savings would be;

8 x 5 x 50 x 875,000BTU/hr.= 1750 x 106 BTU or 17500 therms/year,
at $0.30 per therm, yearly savings would be $5_250

COMBUSTION AIR PREHEATING

For typical gas fired furnacewith flow rate of 3.5 x 106 BTU/hr,
improved efficiency can be attained by preheating the combustion air
with the use of a hot gas recuperator.
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Example Calculations

With flue _as temperature of 1600°F, if combustion air is pre-
heated to 1200 F, energy savings of approx. 26% are available as
obtained from Fig. 8 . Thus heat savings can be calculated for the
typical gas fired furnace as follows:

2.625 x 106 BTU/hr. x 0.26 = 0.68 x 106 BTU/hr.

Annual energy reduction based on 8 hours/day, 240 days per year is-

0.66 x 106 x 8 x 240
= 13,100 therms/yr. @ $0.3 per therm, cost100,000 BTU/therm

reduction : $3,930/year.

Summary

Item Present Energy Probable Energy

Heat to Melt 1,000,000 BTU/hr. 1,000,000 Btu/hr.

Stack Losses* 1,225,000 BTU/hr. 545,000 BTU/hr.

Radiant Losses* 400,000 BTU/hr. 400,000 BTU/hr.

Gross Input 2,625,000 BTU/hr. 1,945,000 BTU/hr.

*Stack and radiant losses from previous example after improvements.

REFRACTORY MATERIALS - CRUCIBLE FURNACE

Sample Calculation -

A crucible furnace with composite refractory and insulating - con-
crete lining is compared to same furnace with ceramic fiber sleeve
insulating material. Diagram of typical furnace with composite lining
is shown in Fig. 6 .

The heat loss through composite material is determined by calcula-
tion of "Q"

Q per sq. ft. = tl - t2
R1 + R2 etc.

Where t I : Hot Face Wall Temperature.
t Cold Face Wall Temperature.
R2 Resistance, which is the wall thickness divided

by "K", the conductivity of the material.
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"K" for various materials is obtained from table of typical ther-

mal properties Fig. 4 . Thus R1 + R2 etc. for various thicknesses is:

RI = 61_-(fusedalumina) = 0.125

R2 = _ (crushedfirebrick) = 0.333

i (vermiculite) = 0.833R3 =-i-_2

TotalR1 + R2 + R3 =

Area of side walls estimated to be 110 sq. ft.

Thus heat loss throughcompositematerial = Qa

.'. Qa = (3,000 - 100) 1101.291 = 247,000 BTU/hr.

NOTE: The above calculation demonstrates the methodology used for
computing sample radiation losses. Actual radiation losses used
throughoutthe precedingexamples is 400,000 Btu/Hr.

Replace 6" composite material with 6" ceramic fiber sleeve of
3,000°F maximum use temperature. The calculation of mean temperature =

tl - t2 _ 3,000 - 100 = 1450OF
2 2

K value for mean temperature of 1450°F (from fig. 5) is prorated
between 0.57 and 0.67 to be 0.60

thus R (ceramicfiber) = 6 =1o

Thus heat loss through ceramic fiber sleeve = Qb.

.'. Qb = (3,000- 100) 11010 = 31,900 BTU/hr

Change in heat loss Qa - Qb = 247,000- 31,900 = 215,100BTU/hr

Based on a melt program of 8 hours/day,240 days per year, the
annual gas usage reduction is as follows:

215_i00BTU/hr x 8 x 240 x $0.3 = $1,240/year.
100,000BTU/therm
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If original energy input is 1.945 x 106 BTU/hr., the furnace ef-
ficency is improved from 51.4 per cent to approximately 57.8 percent,
or 6.4% increase in efficiency.

Summar 7

Item Present Energy Probable Energy

Heat to Melt 1,000,000 BTU/hr. 1,000,000 BTU/hr.

Radiation loss* 400,000 BTU/hr. 185,000 BTU/hr.

Stack Loss* 545,000 BTU/hr. 545,000 BTU/hr.

Gross Imput 1,945,000 BTU/hr. 1,730,000 BTU/hr.

* Stack and radiant losses from previous example after improvements
of combustion equipment.

TYPICAL ENERGY FLOW DIAGRAM

PRESENT CONDITION:

ENERGY /____
INPUT /

1"9 XI06BTU/HR_"___'____J_J_" ._ HEAT TO MELT
2,000 LBS AL/HR

JJ JfJ_ J:_./'J/, J_JJ/,_JJ, JJ =1,000,000 BTU/HR
REFRACTORY COMBUSTION

LOSS AIR ANDSTACK
400,000 BTU/HR INEFFICIENCY

LOSSES
545,000 BTU/HR

PROBABLE CONDITION:

ENERGY
INPUT

BTU/HR
". - HEAT TO MELT

k_i J k_._) _,_,ooo TU/.,_

REFRACTORY COMBUSTION
LOSSES AIR ANDSTACK

185,000 BTU/HR INEFFICIENCY
LOSSES

545,000 BTU/HR
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FURNACE COVERS

Ladle and furnace covers eliminate most of the radiation loss
which is the major area of energy loss from uncovered ladles and metal
surfaces. Net radiated heat loss from a metal surface, emissivity,
depends on the amount of slag. Emissivity of clean iron is relatively
small but the thin slag layer usually present increases emissivity.
Energy loss can be obtained by reference to Fig. 9 by reading net
radiated power at metal temperature from the chart•

Example, at metal temperature of 80_°C (1472°F)_read for radiation
at E = i, net radiated power = i00 kw/m_ (0.03 x 10_ BTU/sq.ft.)

Where: i m2 = 10.76 sq.ft.

i kw : 3412 BTU.

Sample Calculation-

Consider a gas fired furnace holding aluminum at 1400°F with dip
well area 4 sq. ft. without a cover and calculate the energy savings
with a ceramic fiber cover in place.

Radiation losses, at 1400°F (760°C) from Fig. 9 = 60 kw/m 2

= 19,000 BTU/sq. ft.

Thus 4 sq.ft, x 19,000 BTU = 76,000 BTU/hr.

Heat loss from dip well with cover, based on thickness of two inches
for ceramic fiber cover, is:

Q = tI - t2

R1 + R2 etc.

where t I = hot face temp. 1400°F.

_2 = cold face temp. 200°F.= Resistance which is the thickness of the cover divided
by the conductivity K.

K for cover material can be obtained from Fig. 5 where mean tem-
perature of the material is given by

r

Mean temp. = tl - t2 1400 - 200 _ 600OF---T-- : 2

Thus K from Fig. 5 at 600°F = 0.26 (BTU/sq. ft. per ins - °F/hr.)

• Q = I1400 - 200) 4 sq.ft. = 480____00= 600 BTU/hr.• " 2/0.26 7.7
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Savings in energy loss = 76,000 - 600 : 75,400BTU/hr.

With cover in place during 16 hours holding period per day, the
reduction in energy for 240 days per year is:

75,400 x 16 x 240 = 289 x 106 BTU/year@ $0.3 per therm, the cost
savings is:

289 x 106 x 0.3
-" 100,000 = $870 per year

Summary

Item Present Energy Probable Energy

Heat to Melt 1,000,000 BTU/hr. 1,000,000 BTU/hr.

Radiation Loss* 185,000 BTU/hr. 109,600 BTU/hr.

Stack Loss* 545,000 BTU/hr. 545,000 BTU/hr.

Gross Input 1,730,000 BTU/hro 1,654,600 BTU/hr.

*Stack losses and radiation loss from previous example for present
conditions after improvements.

PRESENT CONDITION -

1.73x 106 L ENERGY

Btu/Hr I _ 106Btu/Hr

RADIATION LOSS STACK LOSS

0.185 x lO6 0.545x 106

Btu/Hr Btu/Hr

PROBABLE CONDITION -

1.654x106 L ENERGY

Btu/Hr _'J___ _S>. ]06Btu/Hr

RADIATION LOSS STACK LOSS

I.I09x 106 0.545x 106

Btu/Hr Btu/Hr
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OVERALL FURNACE EFFICIENCY

The following table summarizes the probable cost and energy sav-
ings by carrying out all of the possible improvements previously cover-
ed in the examples.

Summary (Energy and Cost Savings)

Efficiency Annual Savings
8TU/hr. Percent Gas Cost

Item Reduction Increase Therms. $

CombustionEfficiency 875,000 25.0% 17500 5250

Preheat Comb. Air 680,000 26.0% 13100 3930

RefractoryUpgrade 215,000 6.4% 4130 1240

Furnace Covers 75,000 2.6% 2900 870

Total 1,845,000 31.8 37,630 $11,290

1.0 x 106 X 100 = 60.4%
Overall Thermal Efficiency = (3.5 - 1.845) 106

PresentEfficiency(Approximate) = 28.6%

IncreasedEfficiency= 60.4- 28.6 = 31.8%

1,845,000 = 53%
PercentEnergy Saved = 3,500,000

REVERBERATORY FURNACES

Energy savings and efficiency improvements can be developed for
reverberatory furnaces. For combustion efficiency and burner pre-
heating the previous examples are repeated and applied to reverberatory
furnace summary analysis.

J
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REFRACTORY MATERIALS - REVERBERATORY FURNACES

Sample Calculation-

Assume a reverberatory furnace melts 2,000 Ibs of aluminum per hour.
The area of refractory below metal is 40 sq. ft. and the area of
refractory above metal is 40 sq.ft. Thickness of refractory is 6
inches. Metal is at 1380°F and combustion gas temperatureabove the
metal is 3000°F. To find heat loss with conventionalrefractory,the
thermal conductivity k for the material is determined from fig. 4 to be
6 BTU/hr.per sq. ft. (deg. F per inch.)for crushedfirebrick.

tI - t2

Heat loss Q - R1 ¥ R2 etc.

Where tI = Hot face wall temperature

_2 = Cold face wall temperature= Resistance, which is the thickness of the lin-
ing divided by the conductivity of the material K.

tI - t2
Mean temperature 2 Is required to select K

Thus the mean temperature for area above the metal, based on a com-

bustiongas temperatureof 3000°F - 3000 - 100
2 = 1450°F

Mean temperature for area below the metal - 1380 - 100
2 = 690°F

.'. Qa (abovethe metal) = 3000 - 1006/6 = 2900 BTU/Hr/Sq.Ft.

= 2900 x 40 = 116,000BTU/hr.

• 1380- 100 1280
• . Qb (belowthe metal) -- 6/6 =_ = 1280 BTU/hr/sq.ft.

=1280 x 40 = 51,200 BTU/hr.

I

.'. Total heat loss through the refractory walls

= Qa + Qb : 116,000+ 51,200 = 167_200BTU/hr.

1
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To find the heat loss with ceramic lining used for insulation
between the refractory and the outer shell, the added R, resistance,
must be calculated.

The thermal conductivity K for ceramic fiber is determined from
Fig. 5 for 1 inchthickmaterialto be 0.26 BTU/hr.per sq. ft. (deg.F
per in--nTh.)

Note - Mean temperature assumed between refractory and shell,
t = 200°F.

.'. New heat lossQa + Qb = (tla- t2) 40 (tlb - t2) 40+
6/6 + 1/0.26 6/6 + 1/0.26

= (3000- 100)40 (1380- 100)40
+ = 23,970+ 10,600i + 3.84 1 + 3.84

= 34,570BTU/hr.

Change in heat loss through lining by adding 1 inch of ceramic
fiber insulation = 167,200 - 34,570 = 132,630 BTU/hr. reduction,
equivalent to 79.3% saving.

Based on a melt program of 8 hours per day, 240 days per year, the
annual gas cost reduction is as follows:

132,600BTU/hr.x 8 x 240
" 100,000BTU/therm x $0.3 = $760

Summar_

Item PresentEnergy ProbableEnergy

Heat to Melt 1,000,000BTU/hr. 1,000,000BTU/hr.

RadiationLosses* 250,000BTU/hr. 117,000BTU/hr.

Combustion and
Stack Losses* 2,045,000BTU/hr. 2,045,000BTU/hr.

Gross Input 3,295,000BTU/hr 3,162,000BTU/hr.

* Combustion and stack losses from previous example after improvements are
listed in this case for present energy use.
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Energy flow diagrams for all improvements by progression from
original condition to ultimate condition are as follows:

Energy Flow Diagrams - Reverberatory Furnace Example

ORIGINAL CONDITION:

ENERGY.- --_ + .,

BTU/HR _ I/ I" /

REFRACTORY COMBUSTION
& RADIATION & STACK

LOSSES_ LOSSES _

0.25 x i0b "3.6x 10b BTU/HR
BTU/HR

COMBUSTION IMPROVEMENT & BURNER AIR PRE-HEAT

INPUT
3.295x 106 J_

BTU/HR

MELT ENERGY
1.0 x 106
BTH/HR

REFRACTORY COMBUSTION
& RADIATION & STACK

LOSSES6 LOSSES0.25 x 10 2.045x 106
BTU/HR BTU/HR

REFRACTORY & METAL COVERS IMPROVEMENTS

ENERGYINPUT __ MELT
3.08] x lO6

ur °+l.O x 106Btu/Hr

REFRACTORY & COMBUSTION &

RADIATION LOSSES STACK LOSSES

0.026 x 106Btu/Nr 2.045 x 106Btu/Hr
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OVERALL FURNACE EFFICIENCY

The following table summarizes the probable cost and energy saving
available by carrying out all of the possible improvements in common
with the crucible furnace per previous examples.

Summary (Energy and Cost Savings)

ITEM BTU/HR % ENERGY ANNUAL SAVINGS
REDUCTION SAVING GASTHERMS COST$

Combustion Efficiency* 875,000 25.0% 17,500 5,250

Preheat Combustion Air 680,000 26.0% 13,100 3,930

RefractoryUpgrade 132,000 4.0% 2,550 760

FurnaceCovers 75,000 2.1% 2,900 870

TOTAL 1,762,000 36,050 $10,810

Overall percent energy reduction = 1,762,000 = 36.3%4,850,000

Overall thermal efficiency = (4!_ x 106 x 100.,- 1.762x 10°J = 32.3%

Present efficiency (approximate) = 20.6%

Increased efficiency = 32.3 - 20.6 = 11.7%
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CRUCIBLE REVERBERATORY
ECONOMICEVALUATION FURNACE FURNACE

I. Replace existing burner system
with a combination nozzle mix
burner system-recuperator pack-
age with completely pre-wired
control system
EquipmentCost $ 30,000.00 30,000.00

2. Replaceconventionalrefractory
lining with ceramic fiber ma-
terial $ 2,000.00 500.00

3. Metal covers in ceramic fiber
material $ 200.00 200.00

4. Laborto installItemI $ 17,000.00 17,000.00

5. EngineeringCosts $ 5,000.00 5,000.00

TOTAL $ 45,000.00 43,000.00

Paybackperiod = CapitalInvestment= Years _
EnergySavings $/YR

Therefore payback period (present day costs)

Crucible Furnace = 45,000 = 3.98 years

Reverberatory Furnace = 43,000 = 3.98 years10,850

NOTE - The above costs are for example only, actural equipment
costs are to obtained for specific furnace item as part
of normal engineering procedure. Labor costs for lining
installations are assumed to be covered by normal maintenance
expense budget.
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HEAT TREATING

General Considerations

This section, dealing with the energy savings of the Heat Treat
Furnace operation, will concentrate generally on the major areas for
energy savings attributed to:

• Process operation and control

• Refractory materials

• Combustion equipment

• Heat recuperation

Formulas, calculations, and graphs have been simplified within the
Scope of the Project from the normally complex task of calculating heat
transfers, to reflect constant conditions during the process.

To investigate any process in depth it is essential to establish
parameters, calculate the data and plot results on a continuous basis to
establish the limits of the operation and equipment, and identify any
trends.

The work sheet lists the expected parameters for furnace shell,
blower, burner and ancillary equipment, and operational data to complete
a "one shot" energy audit and constitute a base for any future improve-
ments. A tape measure, thermometer, flue gas analyzer and flow meters
will be the tools needed.



HEAT TREAT DATA INPUT

HEAT TREATING UNIT NO.I

FURNACEMAKE ANY BURNERMAKE ABC

MODEL ANY MODEL ABC

SIZE IO' x 20' x 8' HIGH TYPE Pre mix SIZE BTU/HR

CAPACITY 20,000 LBS. FUEL NaturalGas

TYPEOF LINING Conventional RECUPERATORMAKE None

WALLTHICKNESS 13½ INCH MODEL TEMP - °F

BLOWERMAKE TYPE - SIZE -

MODEL CONTROLS_IAKE None

SIZE CFM.PRESS "WG TYPE

VOLT HP

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP HRS FUEL/AIR RATIO Un-controlled
HIGH LOW

- SOAK .,. HRS FLUE TEMPERATURE 1650 °F °F

-COOLDOWN HRS
SHELL ;_EANTEMPERATURE °F

CYCLES PER WEEK
FURNACE PRESSURE Neoative "WC

TEMPERATURE 1,650 °F

AVERAGELOAD LBS 'i
FLUE ANALYSIS (HIGH) N/A % CO

CASTING LBS

NIA % O2 L
BASKETS LBS I

5 % C02 i'STOOLS LBS

LOADDENSITY LBS/WFT

QUENCH AIR, H20 OIL

QUENCHTEMPERATURE °F

FUEL CONSUMPTION 116 THERMS/CYCLE

MISCELLANEOUS

WALLAREA 880 SQ.FT. i

WALLTEMPERATUREHOTFACETl 16.50 °F

WALL TEMPERATURECOLD FACE T2 160 °F

AMBIENTTEMPERATURE 80 °F

EXTERNALSURFACEAREA 880 SQ.FT. !

HOTSURFACEAREA 570 SQ.FT.
ENERGYCOST/THERM$ 0.30

HEAT TREAT LOADS/DAY

HEAT TREAT LOADS/YEAR _:

!
Note: Data Recorded is only that needed to perform sample calculations.



i TABLES, GRAPHSAND CHARTS

Table I

APPROXIMATE THERMAL CONDUCTIVITIES

OF FIRECLAY BRICK

Btu per Hour, per Square Foot, per Degree F. Temperature Difference,
for One-lnch Thickness

Kind of Den- MeanConductivity at T°F,
Brick sity*

200 400 600 800 1000 ]200 1400 1600 ]800 2000 2200 2400 2600 2800

147 9.7 9.7 9.7 9.8 9.9 ]0.0 10.2 ]0.3 10.5 ]0.7 I0.9 ]l.l ]1.3 .....

146 8.7 8.8 g.o 9.1 9.3 9.4 9.6 9.7 9.9 ]0.0 I0.2 I0.4 I0.5 ....

]36 8.4 8.5 8.7 8.8 9.0 9.2 9.3 9.5 9.6 9.8 9.g ]0.] ........

127 7.1 7.3 7.4 7.6 7.8 8.0 8.] 8.3 8.5 8.7 8.8 9.0 ........

125 5.8 6,2 6.5 6.9 7.3 7.6 8.0 8.3 8.7 9.0 9.4 g.8 ........

*Pounds per Cubic Foot.

NOTE: For brick of the same type, class, composition, and burn, the conductivities are
approximately proportional to the bulk densities (weights in pounds per cubic foot).

Table I]

APPROXIMATE THERMAL CONDUCTIVITIES

OF INSULATING FIREBRICK

Btu per Hour, per Square Foot, per Degree F. Temperature Difference,
for One-lnch Thickness

Thermal Conductivity at T°F
Den-
sity*

200 400 600 800 lO00 1200 1400 1600 1800 2000 2200 2400 2600 2800

36 1.06 1.20 ].34 1.48 1.63 ].77 1.9] 2.05 2.]g ....................

38 1.26 ].40 1.54 1.68 ].83 1.97 2.11 2.25 2.40 ....................

46 ].44 ].59 1.75 ].9] 2.06 2.22 2.38 2.53 2.69 2.85 3.00 ............

31 0.78 0.86 0.94 1.02 ].09 ].17 1.25 ].33 1.4I 1.48 1.56 ............

49 1.83 1.98 2.]3 2.28 2.43 2.58 2.73 2.88 3.03 3.18 3.33 3.48 ........

56 1.95 2.10 2.25 2.40 2.55 2.70 2.85 3.00 3.15 3.30 3.45 3.60 3.75 3.90

60 2.20 2.35 2.50 2.65 2.80 2.95 3.10 3.25 3.40 3.55 3.70 3.85 4.00 4.15

*Pounds per Cubic Foot
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® Example of use:60--

Withafluegas
io-- temperatureof

1100F andanexcess
6o air requirementofI

90%, the amount of
_o-- heatavailable

(includingheatlos_
_4o byradiation)is

approximatly52%,

_o

o L i

_oo I 600 ,doo I ,,'oo 600 _ooo
400 800 1200 16OO 2000 2400 2800 3,200

ELU( GAS T(_P(RATUR[ oF

FIGURE 1. PERCENT AVAILABLE HEAT*

w 0D

90 i i I i_ _'_ "ANTHRArITE AN! L IGNIT I Example of Use: A combust ion

8o analysis shows 6% CO_ content

i1 !\\_-_ _C_UR_0 of the fluegas,with naturalgas burning equipment the ex-

I___ cessairisapproximately90%.

EXCZSS
AIR

50

NATURAL GAS
30

I i

BUTANE-- I

,o I i
NO. FUEL 01L--

0 _ _ r f I , it III

4 5 6 1 8 9 lO 11 12 13 |4 15 16 I7 18 ]9 Z0

FIGURE 2. PERCENT EXCESSAIR FROMC02 READING*

*From North American Combustion Handbook
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Table III CERAMIC FIBERS

ThermR| Conducfivily vs Mesh Temperature (per ASTM C-177|'"

.3751=.61 I _.346(Z.4J 64kg/m' J-
_, .317 12-21 [4 Ib/ft_) A P" J

_..28812.0)-, _ J961 g/re'

c ''

_.23] IL61

. /f / a.k,,m,
.173 11.21 18 Ib/ft_J --

.4 I_o) "* _ _

.0871o6_ - P- _"- -
_ .os8Io.41

. 02910.2) _ __

o
-129 -18 93 204 310 427 538 649 760 87; 982

(-2oo) (0) (2oo] 14001 (60o} (800} (z0oo] }12o0} |1400} I36OO) {;aOOl
MeanTemperlttlre- oC[OF]

"All heal flow calculations are based on I surface emissivity factor of .90, an ambient temperature of 27eC {80°FJ. afzd zero wmd velocity.
u alef,_t otherwise stated. All thermal cnnductivit y values for Fiber era Jtmaterials have been measured in accordance with ASTM Test

Precedune C-177. When comp_rlnR similar data. it is advisable Io check the validity of all thermal conductivity values and ensure the resultzn_
heal now calculations ate based on the same condition factors. Varialions in any of the f.e [actors will result in sisnificanl differences m Ihe
c_cuialed doll-

Heat storage and losses can be approximated based on the following

Table IV.

Table IV HEAT STORAGEAND LOSSES BTU/SQ.FT.

Table IV

HEAT STORAGEAND LOSSES BTU/SQ.FT.

WALL TYPE REFRACTORY HOT FACT TE_.IPERATURE°F 7

FHICK_;ESS 1,200 1,600 2,000

H. ST. H.L. H. ST. H.L. H. ST. H.L. |

9" Composite ]3,700 285 19,200 437 24,800 615
2,000° insulation
and firebrick

3-I/2" Composite 22,300 335 31,400 514 40,600 718
2,000° insulation
and firebrick

_2-I/2" Composite 43,200 182 61,000 281 79,200 392
2,000° insulation
andfirebrick J

6" Ceramic fiber 842 208 1,170 432 1,490 I 672 I

H. ST. - Heat Stored
H.L. - Heat Lost Btu/hr
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FIGURE3A FIGURE3B

Courtesy of american Gas Association

Above table to be used for calculating air infiltra-
tion through cracks.

48 _?

_ _ ,_ /,,___I
(:=, 28

24 /-/'/_Y-"<
•_ /,._//¢./20

•_ _6 /////,/
f

I///
,_ 1/-/
oI"l I i
0 400 800 12OO 1600 2000 2400

AIR TEMPERATURE °F

FIGURE 4. Preheating of Combustion Air*

*From AGA Catalog
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SAMPLE CALCULATIONS (Energy Related)

Upgrading Furnace Linings.

Heat loss through various refractory linings can be calculated by
the use of the following mathematical formula:

tI - t2

HEAT LOSS "Q" = RI + R2 etc.

WHERE:

tI = Hot face wall temperature

t2 = Cold face wall temperature

R = Resistance, which is the thickness of the lining
divided by the conductivity of the material "K"

Typical values of "K", thermalconductivityin Btu/hr,per square
foot, per degree "F" temperature difference, for one inch thickness are
listed in Tables I and II for fire clay and brick refractories.

"K" values for ceramic fiber linings are shown in Table Ill.

The heat required to get refractories up to furnace operating
temperature (heat storage effect) is listed in Table IV.

To obtain "K" factors from Tables I, II, and Ill it is necessary to
calculate the mean temperature. This is accomplished by adding tI and
tp and dividing by 2. Thus mean temperature for this set of conditions
i_:

1650°F - 160°F = 905°F.
2

Example: Determine heat loss through furnace walls lined with:

(a) Conventional brick refractory lining

(b) Laminated ceramic lining

(c) Full ceramic fiber linin_

(a) Conventional refractory lining is composed of the following materials:

• 9" fire brick with a densityof 147 Ibs/cu.ft.

• 4-i/2" insulatedbrick with a densityof 31 Ibs/cu.ft.

|
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Therefore:

Heat Loss = 1650 - 160 : 289 Btu/hr/F2
.91 + 4.24_/

1/ To findresistance"R"for insulatedbrick,enterTable II at 905°F
(mean-temperature) and read down to the 31 lb. density column, the
resultant "K" factor is approximately 1.06,

thereforeR = 4-1/2 = 4.24
1.06

Total heat loss through furnace walls:

= 289 Btu/hr/ft2 x 570 Sq. ft. = 164,730Btu/Hr.

(b) Laminated refractory lining is composed of:

• 9" fire brick with a densityof 147 Ib/cu.ft.

• 4-1/2" insulatedbrick,densityof 31 Ibs/cu.ft.

• 1" ceramicfiber lining,densityof 8 Ib/cu.ft.

Therefore:

1650 - 160 = 226 Btu/hr/F2Heat Loss = _'91+ 4.24 + 1.43

Total heat loss through furnace walls:

= 226 Btu/Hr/F2 x 570 Sq. Ft. = !.28_820Btu/hr.

(c) Full ceramic fiber lining, composed of the following:

• 12" ceramicfiber at 8 Ibs. density/cu,ft.

Therefore:

1650 - 160 = 87 Btu'hr'F21 /
Heat Loss - 17.1_'_1
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2/To findresistance"R"for ceramicfiber,enterTable IIIat 905°F.,
extend up to the 8 lb. density column and read 0.7 at the left hand
side of the graph, therefore:

R = 12 = 17.14
0.7

Total heat loss through furnace walls:

= 87 Btu/hr/Ft2 x 570 Sq. Ft. = 49.,590Btu/hr.

Summary - Heat Loss for Various Linings

Savings over
ITEM Btu/hr Basic Refract.

ConventionalRefractory 164,730 -O-

LaminatedRefractory 128,820 22%

CeramicFiber 49,590 70%

Equivalent total gas usage reduction, utilizing ceramic fiber lining,
is 164,730-44,590= 115,140Btu/hr or 1.15 Therms per hour.

Based on a continuous heat treat operation (with furnace in equi-
librium) of 16 hours per day, 5 days per week-50 weeks per year, the total
yearly gas savings would be as follows:

115_140Btu/Hr x 16 x 5 x 50 382.00 per year
100,000Btu/Therm x $0.3 = $1_

Batch type heat treat operation is very costly in terms of gas usage
due to the input energy required to heat the refractory mass up to furnace

operating temperature, the following table illustrates the amount of
energy required to heat the refractory to 1,600 F. versus that required
for ceramic fiber:

ITEM _/Heat Capacity % Savingsover
Stored - Btu Basic Refractory

Conv. Refractory (13-1/2"') 17,898,000

Ceramicfiber (12") 1,333,800 92.5%

_/ Based on 570 sq. ft. insidefurnacearea and heat storagefiaures
from Table IV.
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Operating batch furnaces on a rapid change-over schedule will re-
alize substantial fuel savings, also consideration must be given to the
product to be processed. The scheduling effort to load to design ca-
pacity will be more than offset by the fuel savings obtained by reduced
heating of the lining.

Quantative figures for overall savings, as a percentage of gas input
to furnace, for upgrading conventional lining cannot be stated due to the
many variables encountered in actual heat treat practices as applied to
individual foundry operations. Savings shown in the example
calculations, for lining replacements is attributed to radiation
loss savings only.

Improvin 9 Combustion Efficiency.

A Heat Treat Furnace has the following characteristics (from input
data sheet):

• Furnace size: 20' x i0' x 8 ft. high.
• Furnace capacity: 20,000 Lbs.
• Operating temperature: 1,650°F.

• 5% CO2 in flue gas.
• Flue gas temperature: 1,650°F.
• Natural gas flow rate: 116 Therms/Hr. or 11,600 cu. ft.
• Furnace physical condition: 1/4" crack visible all around door.

Calculate present combustion and furnace efficiency and probable
furnace efficiencies if the furnace.was upgraded as follows:

• Install nozzle mix burners with flue/air ratio controls.
• Installfurnacepressurecontrols. _
• Install hot gas recuperator for preheating combustion air.
• Repairfurnacedoorandsealcracks.

Example No. i: Calculate present excess air and available heat.

Excess air through burner system with 5% CO2 in flue gas (from Figure
2)is130%.

Therefore, available heat to do work, (from Figure 1) with 130%
excessair and 1,650 F. flue gas temperature,is 20% of 11,600cu. ft./Hr
of natural gas which is:

11,600cu. ft/Hr x 0.20 : 2.320 cu. ft/Hr or 2,320,000Btu/Hr '_

Example No. 2: Calculate secondary excess air infiltration due to
door leakage.

From Table 3A with an average furnace temperature of 1,650°F., the
furnace negative pressure due to chimney effect is O.Oll" WC per foot of
furnace height.
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Therefore, total negative pressure is 0.011 x 8 : 0.088" WC.

From Table 3B with a total furnace negative pressure of 0.088, the
air infiltration is approximately 280 cubic feet per hour per square inch
of crack opening.

Therefore, total crack opening is, based on 28 linear feet of door
circumference,336 inchesx 1/4" = 84 sq. inches.

From Table 3A with an average furnace temperature of 1,650°F., ap-
proximately 35 Btu is necessary to heat each cubic foot of infiltrated
air, therefore, total heat required is:

35 Btu x 84 sq. inchesx 280 cu. ft/Hr/Sq,inch = 823,200Btu/Hr.

Present Combustion Efficiency.

From Example1. AvailableHeat = 2,320,000Btu/hr.

From Example2. Heat Lost (Infiltration)= .823_200 Btu/hr.

Net Heat Available = 1,496,800Btu/hr

1,496,800
Efficiency = 11,600,000 x 100 = 12.9%

Example No. 3: Calculateprobablycombustionefficiencyafter in-

stalling new burner system and sealing furnace cracks. C02content cor-
rected to 11% and positive pressure maintained in furnace,

Available heat to do work (from Table 1) with 10%.

Excess air is 53% x 11,600,000Btu/hr = 6,148,000Btu/hr

Net increase in heat content available is:
l

6,148,000Btu/hr - 1,496,800Btu/hr = 4,651,200Btu/hr

or 75.65% increase

Based on 5 days per week, 50 weeks per year heat treat operation with
heat-up time averaging 6 hours, the yearly energy savings would amount to:

4.,651,200Btu/hrx 5 x 50 x 6
100,000Btu/Therm = 69,000 Therms per year.

At $0.3 per therms,dollar savingswould be $20,700/year

J
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Combustion Air Preheating

From the preceding examples approximately 5,452,000 Btu/hr
(11,600,000 - 6,148,000) is lost through the exhaust stack and radiation
losses through the furnace walls. By preheating the combustion air with the
use of a hot gas recuperation, the following additional energy savings
can be realized

Example No. 4: With flue gas temperature of 16_0°F, calculate the
energy savings if combustion air is preheated to 1200 F.

From figure No. 4 the resultant fuel savings will amount to approx-
imately 28%.

Therefore; additional heat saved per hour

= 0.28 x 11,600,000Btu/hr = 3,248,000Btu/hr

Annual energy saving, using same operating time as stated in example 3,
is:

3_248t000Btu/hr x 1,500 Hrs.
100,000Btu/Therm = 48,000Therm/yr

At $0.3 per therm, dollar savings would amount to $14,400

Overall Furnace Efficiency

The following table summarizes the possible cost and energy savings
by upgrading existing furnace.

ENERGY L_AnnualGas Savinqs I

Btu/hr SAVINGS [_i(_Item Saved PERqENT ms) Cost
F

FurnaceRadiationLosses 115,140 70% 4,600 $1,382
I

Improve Comb. Efficiency:4,651,000 53% 69,000 $20,700i

Pre-heatCombustionAir 3,248,000 28% , 48,000 $14,400

Total 8,014,140 , 121,600 $36,482

Overall Energy Savings = 8_014,140
11,600,00_x 100 = 69%

Note: The foundry industry, in general, is experiencing between 50
to 60% actual Energy Savings by upgrading their present heat treat
furnaces. Energy calculations in Section Ill of this study are based
on 56% savings.
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Summary

It must be restated that this analysis has been oversimplified to
illustrate the need for improving existing thermal efficiency. The ex-
amples used can be a valuable tool in estimating potential savings. A
full heat balance and thermal analysis should be made by an expert in this
field before a major conversion is made. The energy savings are there if
produc_ requirements can be adjusted toward that goal.

Economical Evaluation

(a) Replace existing burner system with a combination nozzle

mix Burner system - recuperator package with completely

pre-wiredcontrolsystem.(EquipmentCost) ............. $90,000

(b) Replace conventional refractory lining with 12" thick cer-

amic fiber insulation - material cost .............. $15,000

(c) Labor to install item No. 1"....................... $40,000

(d) Engineering costs .................................. $10,000

Total ............................................. $155,000

Pay Back Period = CapitalInvestment =yrs.
Energy Savings Cost

Therefore: Pay Back - $155,000 _ 4.25 years
36,482

The above pay back period does not take into account future cost of
natural gas which could increase as high as 15% per year, or government tax
credits for installation of energy saving devices.

*Installation labor does not include the relining of the furnace. It
is assumed that this labor would be performed by foundry maintenance
personnel and expensed.
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LADLE HEATING

General

Ladle Heating is a very necessary requirement in any castmetal
operation, it is a large user of natural gas and is probably the
greatest abuse of gas energy in foundries today. This Section will
examine the requirements for upgrading or replacing existing equipment
for ladle drying and heating, covering the following:

• Ladle covers

• Burner efficiencies

• Improved insulation

Formulas, calculations, and graphs have been simplified within the
scope of the project from the normally complex task of calculating heat
transfers, to reflect constant conditions during the process.

To investigate any process in depth it is essential to establish
parameters, calculate the data and plot results on a continuous basis to
establish the limits of the operation and equipment, and identify any
trends.

OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

LADLE CAPTOI_S 1,0 HEATCYCLES/DAY

LADLEAREAINSIDE 12 SQ FT. LINING THICKNESS 2.5 ins.

COVERED No TYPEOFLINING Firebrick

INSIDETEMP 1560 OF OUTERSHELLTEMP 300 OF

AMBIENTTEMP N/A OF

GAS USAGE/HR 550 CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE -- WG

PREHEATCYCLETiME 1.0 HRS FLUETEMP -- °F

REFRACTORYK VALUE 6 RSVALUE 0.33

BLOWERHP N/A RECUPERATOREFFCY --

FUELCOST/THERM$ 0.3 ANNUALUSE N/A BTU x ]06

NUMBEROF UNITS IN USE 1
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GRAPHS+ TABLES AND CHARTS

Figure 1 shows typical relationship of time versus temperature to
fuel input for uncovered and covered ladles both with tight fitting and
raised covers.

"_: I I I I I I "-

! in. L_I........+
_ #,

,_.: 550 cu. ft. L],.;..d .....

(275 {'J ';" ......
J%

_1,_ --

; L]26_0__L5_50}

p%

' u, S)_2/" 137.
60O

Figure No, I

i/ Temperatures both in °C and °F at the inside bottom of the
ladle.

I

2/ Figures shown are gas flow rates in liters per min. and cubic
feet per hour.

Example of use: Curve is developed for specific ladle size with
measured gas flow rates.

Read elapse time from intersection of curve with temperature.

For covered ladle at 275 cu. ft/hour gas flow, the time to attain
required temperature 850°C, is approximately 50 minutes.
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Figure2 Figure3

ao _- Improved_-_ - --q 18
18 l--f.__ Burner I I ,

,8 : :J -- _ iI,""_'--_ - _ 14 __ Curner _/

I1:/li °
HO_olU_ _ -_-_-_

HOI_

Reference: Hotwork Mfg. Inc.

Example of use"

Figure 2" Read elapsed time hours at intersection of temperature
with improved burner graph line; then,

Figure 3: Obtain fuel usage for improved burner by reading up
from elapsed hours to intersection with graph line and across to
fuel usage.

For example: At temperature requirement of 1300°F, read approxi-
mately 0.25 hours (for improved burner) from Figure 2.

Transfer hours (0.25) onto Figure 3 and read approximately 400
cu. ft. fuel used by improved burner.

!
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Table i

S --TyPical Thef'_al ProDertie$ of Refractory and Insulating Concretes {Mi=
_rooor_lon$ aOProl. I vOI. cement: ] - 4 vols. a_qreqate).

_her_al

Fired Heir conduc&ivity, Thermal
Aggregace. density, capacity° B.t.u. per dlffu,zvity,

)b. per 8.t.u. per {hr.l_q. ft.) {sq. _t.

cub. ft. (cub. ft.) (deq. F. per hr.}
(deg. F.) per in.)

Yemlcu_ite 35 9 1.2 0.011

Otat,'a_lte SS 14 1.7 0.010

Crushed N.T. |nsu-
14&tng orlck 85 21 3.2 O.O1)

/xpJn_e_ clay 90 22 3.5 0.013

Crushed fireDeick ||5 Z9 6 0.0|7

t_|ocn_te 120 31 8 0.021

$tlli_nlce 135 33 10 0.025

Car_=run_um 145 40 SO 0.|03

Calcined bauaite 160 45 12 0.022

_agee$tCe 160 45 ZO 0.037

Chr0,_¢-m_qnestte 165 37 8 0.013

Fused r_lgnesJa 170 SO 24 . 0.04

Fused alumina 175 5Z 16 0.026

Bu_bie aiunlna 95 22 6 0.023

(Table 2)
Thermal Conductivity

2100 -- 2400 2600 2800 3000

Maximum Recommended 2100°F 2400°F 2600°F 2800°F 3000°F '
Use Temperature (1150°C) (1315°C) (1425°C) (1540°C) (1650°C)

Density (PCF) 12-15 18-22 18-22 18-22 18-22

Thermal ConducIw,ty - x
(BTU - InJS.F.- OF - Hr.)

Same k values for these compositions.

= 600°F 0.26 0.29 ,
800°F 0.36 0.35

lO00°F 0.48 0.41

_o u. 1200°F 0.62 0.48
i

I-- 1400°F 0.77 0.57 !
c 1600OF 0.93 0.67
,u t

,u "'k" measurements made at_; 1800°F 1.08 0.79

2000°F 1.24 0.93 Refractories Research Center.

2200°F - 1.10 Ohio State University.
2400°F - 1.30

* Ref. IndustrialInsu]ationsInc.

s
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SAMPLE CALCULATIONS (Energy Related)

LADLE COVERS:

Heat loss during pre-heat of ladle relates to time in attaining
required temperature measured at the inside bottom of the ladle.

Typical6burner sizes for average ladle capacities of 1 ton (iron)
is 1.0 x 10 Btu/hr. Therefore energy savings for any capacity ladle
can be pro-rated based on pre-heat time for any size burner.

Example:

Burner size 1" (l.0xlO6Btu/hr) shows a gas flow rate of 275
cu.fto/hr.

The elapsed time to attain 850°C (1560°F) with the tight-cover
ladle, is approximately 50 minutes, reference Figure i.

Thus gas usage = 5060 x 275,000 = 0.230 x 106 Btu

o

The elapsed time to attain 850 C (1560°F) with a raised cover ladle
utilizing gas flow rate of 275 cu.fto/hr, is approximately 50 minutes,
reference Figure 1.

Thus gas usage 60= 60 x 275,000 = 0.275 x 106Btu

The elapsed time to attain 850°C (1560°F) with an open ladle uti-
lizing gas flow rate of 550 cu.ft./hr is approximately 60 minutes,
reference Figure I.

60 x 550,000 = 0.55 x 106BtuThus gas usage = 60

Relative savings for the alternate arrangements is:

Item Btu's Changein energy

Uncoveredladle 550,000 -O-

Raised cover ladle 275,000 50.0%

Tight cover ladle 230,000 58.0%



In quantitive terms the covered ladle (tight cover) results in gas
usage reduction of:

550,000x 0.58 = 320,000Btu/hr

At $0.3 per therm, cost reduction: $0.96/hr

Based on 20 % utilization,8 hours/day, 240 days per year, the
annual cost reductions:

0.96 x 8 x 240 x 0.2 = $370

It should be noted that the example is worked for one ladle only
whereas generally more than one ladle is in use daily. Also size
of ladle and therefore burner size will have impact on total possible
savings.

COMBUSTION SYSTEMS

High efficiency burners reduce drying and preheating time which
translates into increased ladle utilization and energy reduction.

Comparison between a conventional burner (high intensity) and a
high efficiency burner is shown in Figure 2 and Figure 3.

Example: Time required to raise ladle refractory to 1300°F is i
hour, using conventional burner.

Indicated time for improved burner with high efficiency character-
istics, is shown on Figure 2 to be approximately 0.25 hours. With fuel
usage of 1,000 cu. ft. and 400 cu. ft. respectively as indicated on
Figure 3.

Thus efficiency improvement is calculated from

Fuel usage reduction x 100 = percent
0rigina] fuel usage

Therefore: (1,000 - 400) 100 = 60.0%
1,000

Equivalent energy reduction for ladle preheating in previous ex-
ample using 230,000Btu/hr,the gas usage reductionis:

230,000x 0.60 = 138,000Btu/hr.

At $0.3 per therm, the cost reduction =

138,OO0 Btu/hr x 0.3=$0.414/hr
100,000Btu/Therm
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Based on 20 % utilization,8 hours/day, 240 days per year, the
annual cost reduction is:

$0.414 x 8 x 240 x 0.2 = $160

INSULATION

Ladle insulation and covers increases heating efficiency which
leads to quicker heating and thus less time for losing energy by con-
duction and radiation through the ladle walls. Improved wall insul-
ation saves energy in two ways, first by reduction in pre-heat gas
requirements and second by minimizing the metal temperature loss
during the pour, thus lowering the initial superheat required by
the melter and extending the usable pouring period of the ladle
with the possibility of reducing scrap castings by pouring less
cold metal.

Example of energy savings by installing 1/2 inch insulation
between the 2 inch refractory and the shell. The heat lost during
ladle preheating is to be calculated and compared to lining without
insulation.

Area of lining 30" dia. x 3_" deep = 12 sq. ft.

Heat loss through conventional lining material is calculated from

Q = tl " t2 = Btu/Sq.Ft/hr

R1 + R2

Where R = Thicknessof Linin9"K" value

t I = hot face temperature (1300°F)

t 2 = cold face temperature (200°F)

K : thermal conductivity of lining material from Figure 4 and
Figure 5

Thus Qa (no insulation)= (1300 - 200212 sq.ft.
R1

R1 (high alumina cement) = 2.5 inchesK= 2.56= 0.42

1100 x 12
Q = 0.42 = 31,400 Btu/hr

Qb (With Insulation)= (1300 - 200) 12
R1 + R2
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R1:2inches6 = O.333

R2 (ceramicfiber) - 0.5 _ 0.5T 0.2_ = 1.72

Note: Ceramic fiber layer assumed to have a mean temperature below
600°F.

Qb = 1100 x 12 = 6,400 Btu/hr0.333 + 1.72

Reductionin heat loss = 31,400 - 6,400 = 25,000 Btu/hr

Equivalentto79.6%savingsinenergy.

From previous example, net reduction in energy usage is:

31,400 Btu/hr x 0.796 = 25,000 Btu/hr

At $0.3 per therm, cost reduction

25,000 x 0.3
100,000Btu/Therm= $0.075/hr

Based on 20% utilization, 8 hours per day, 240 days per year,
annual energy cost savings is = 0.075 x 8 x 240 x 0.2 = $28.80/year.

SUMMARY (PROBABLE ENERGY SAVINGS)

The following table summarizes present and probable energy require-
ments for ladle heating as determined in sample calculations if all the
improvements are carried out.

BTU/HR ANNUAL SAVINGS
ITEM SAVED %SAVINGS GAS THERMS COST$

Covers 320,000 58.0 1,233 370

CombustionSystem 138,000 60.0 533 160

Insulation 25,000 79.6 96 30

EQUIPMENTTOTAL 483,000 -- 1,862 $560

Actual overall energy saving between 50% and 60% is considered to
be practical for the majority of ladle heating operations. Additional
savings can be realized if ladle heater utilization is reduced to 15% of
the typical 8 hour shift period.
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ECONOMIC EVALUATION

ITEM

I. Provideinsulatedcover(materialcost) : $ 500.00

2. Replace burner with 'High Efficiency' unit
with gas controls = 4,000.00

3. Add insulation to ladle lining
1/2" x 12 sq. ft. (materialcost) = 50.00

4. Labortoinstallcover = 450.00

SUBTOTAL $ 5,000.00

5. 10%Engineeringcost 500.00

TOTAL $ 5,500.00

Payback period = Capital Investment
Energy Savings : years

Thuspayback = 5_500560 = 9.8years

Note - installation of insulated lining is assumed to be carried
out during normal reline schedule and labor cost is
expensed. The above costs are "order of magnitude" only.
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STANDARD CALCULATION FORMAT FOR CUPOLA ENERGY DATA

Standard 48" Lined, Cold-Blast Cupola.

Melt rate TPH. 9.0 x 2000 18,000 ]bs/hr.

Metal to Coke ratio 10:1 ,Coke charged/hr 1,800 ]bs.

CFMAir Reqd. 4,100 @Blast Pressure 18 ONZ

Fan HP ......... 50.0

Skip Loader ....... 7.5

Dust Collector ..... 55.0

Misc. Power ....... 5.0

Equivalent BTU/HR 117.5 x .746 x 3412 : 172,878
1.73

Coke Charged/HR .... 1800 LBS/HR

Bed Coke x 1/8 .... 225

Equivalent BTU/HR 2,025 x 12,500 : 25,312,500

TOTAL BTU/HR = 25,713,410

AVERAGEBTU/TON OF ME_AL CHARGED = 2,831,700

OPERATION OF SPECIAL CUPOLAS

Comparison of current cupola operation with alternate systems, hot
blast type, divided blast or oxygen enriched blast, can be made by
reference to the model energy chart graphs at specific melt rate re-
quirements.

It is assumed that the cupola melt rate, in all cases, is based on
conventional practice prior to improvements.

TABLE i. BED COKE REQUIREMENTS

I NORMAL BEDCOKE I

WINDBOX ABOVE MELT ZONE VOLUME
PRESSURE TUYERES DIAMETER AREA COKE

(OZ) (INCHES) (INCHES) (SGINS) (CU.FT.)

7 28-34 18 254 5.0
12 36-42 23 415 IO.O
14 40-46 32 804 21.4
16 42-48 42 1,385 38.5
18 45-51 48 1,809 53.4
20 47-53 72 4,071 124.9

Assumption:
Density of Cupola Coke = 30 Ibs/cu.ft.
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TABLE 2. CUPOLA OPERATING CHARACTERISTICS

COKEPER METAL APPROXIMATE
IRONTO TON OF MELT MELTINGRATE TEMPERATURE THERMAL
COKERATIO LB TONSPERHOUR °F EFF.,%

12 to I 167 16.0 2,656 46.7
II to I 182 15.2 2,672 43.0
lOto] 200 14.2 2,686 39.5
9 to 1 222 13.1 2,706 36.0
8 to I 250 12.0 2,730 32.0
7 to ] 286 10.9 2,762 28.4
6 to1 333 9.8 2,798 27.0

LINED CUPOLA- IRON MELTING

8.0 METAL : COKE

RATIO

A 6:1

7.0 B 8 : 1
C 10:1

D 12:1

6.0

5.0

® A/'_
Q

4.0
Z

o_ B

3.0

C f

D

2.0

1.0

0 2 4 6 8 10 12

METAL MELTED - T P H

FIGURE i
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LINED CUPOLA 500°F HOT BLAST

MELTING GRAY IRON

8.0
IMETAL : COKE

RATIO

A 7:1

7.0 B 9:1

C 11:1

D 13: 1

6.0

6.0
(O

O
,p,.

x
z 4.0 A _.
0
I,,-

.m
P- 3.0

C
2.0 D_

1.0

0 2 4 6 8 10 12

METAL MELTED - T P H
I

FIGURE 2



LININGLESS 1000 F° HOT BLAST CUPOLA

MELTING GRAY IRON

8.0 METAL: COKE
RATIO

A 6:1

7.0 B 7 • 1
C 8:1

D 9:1

E 10:1

6.0 F 11: 1

G 12:1

H 13:1

5.0

¢o A0

X

z 4.0 B0
I-..

-- C

3.0 D
I-

E
m F

G
H

2.0

1.0

0 5 10 15 20 25 30

METAL MELTED - T P H

FIGURE 3



DIVIDED - BLAST CUPOLA

MELTING GRAY IRON

8.0 METAL : COKE

RATIO

A 9.3:1

7.0 B 1 1.0 : 1

C 12.0 : 1

i D 13.0 : 1

j E 13.5 : 1

6.0 i

5.0

¢D
o 4.0
,e-
X
Z
O
I--

._ A
3.0

I.--

m B
C

DE _2.o ;

-- f
1.0

i

0 2 4 6 8 10 12

METAL MELTED - T P H

FIGURE 4
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LINED COLD BLAST CUPOLA

WITH OXYGEN ENRICHED BLAST

MELTING GRAY IRON

5.0, 0 2 PERCENT
A 20 - 30

A B 2O - 40

4.0
B

© B
0

× 3.0z
o
I-

2.0
i-

1.0

I I I I I I I I
0 5 10 15 20 25 30 35 40

METAL MELTED - T P H

FIGURE 5
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2 rows of tuyeres with _o_.e

2800- optimumspacing _¢,oe,o_,(_oO

u_ 10.8o/o 28%

_"2700- 0 32%
n I%
0
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.."1 _. 7.7%
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--, "6 2600- 7.2% )0/o
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Charge coke %

Reduction of charge coke consumption and increase in, melting rate by

operating cupola with two rows of tuyeres with divided-blast suppty
(Blast rate 1600ft3/min)
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COKE TO METAL RATIO (TAP TEMPERATURES 1

The range of sizes and operatihg recommendations for conventional
cupolas has been developed over a long period of time resulting in
fairly standard data (see TABLE 2). Ratio of metal weight to coke
charged,excludingthe bed coke, determinesthe melt rate and/or tem-
perature of iron as it leaves the cupola. Higher tapping temperatures
involve a penalty in coke usage and melt rate, with conventional de-
signed cupolas.

Example

If metal is to be tapped from a cupola at 2,762°F,calculatethe
energy (coke)penaltycomparedto tap temperatureof 2,686°F. From
table 2, a cupola producing 10.9 tons per hour with iron to coke
ratio of 7:1 for 2,762°F tap temperature,results in approximate
thermalefficiencyof 28.4% at 2,686°F.;the cupola would produce
14.2 tons/hour with iron to coke ratio of 10:1 and approximate
thermal efficiency of 39.5%.

Thus at 7:1 ratio, coke usage = 286 lbs/tonmelted

10:1 ratio coke usage = 200 lbs/tonmelted

Reduction =--8_ Ibs/tonmelted

.'. Penalty for 76°F super heat is equivalent to:

86 x 12,500BTU/Ib = 1.075 x 106 BTU/tonmelted

At $0.10 per ]b for coke, the cost difference

66 x 0.10 : $8.60 per ton melted

Annual energy reduction based on 15,000 tons per year of metal
melted

= 1.075 x 106 x 15,000 = 16,125 x 106 BTU

Energy reduction =2_-_ = 30.0%

Cost savingsper year = $8.60 x 15,000 = $129,000

Thermal efficiencyimprovement= 39.5 - 28.4 = 11.1%

Note- In above example the coke bed height in each case is the
same and does not effect the melting energy difference.

Tap temperature reduction may be impractical without other opera-
tional improvementssuch as insulationof launders,pouringladles,etc.
Control of production scheduling is required to minimize holding peri-
ods or delays prior to pour off; also, redesign of gating to enable lower
casting pouring temperatures is another requirement.
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SPECIAL CUPOLA MELTING CONDITIONS

To obtain increasedmelting or higher temperature and more ef-
ficient coke usage, refinements to the standard cupola are available.

B]ast conditioning, through utilization of recuperative hot blast,
can be provided using the waste heat from the cupola exhaust. Ap-
proximate]y 60% of cupola effluent gas is utilized as fuel to combine
with combustion air for the liberation of heat in the heat exchanges.

HOT BLAST SYSTEM

Mode] energy usage in BTU/tonof ironmelted can be determinedby
reference to specific charts and by projecting a point on the graph, at
known meta] to coke ratio, from desired melt rate in tons per hour.
(Figure i).

Value determined from the graph can be compared to proposed opera-
tion under new conditions of operation, by calculation of actual energy
usage difference for requirements, as per following example.

Example

In the previous example, the metal to coke ratio in a conventional
cupo]a is 10:1. From Fig. 1, graph line C, the energy required to

melt is 2.85 x 106 BTU/ton. (Inc|udesmelt coke, bed coke and
e]ectrical energy.)

From Figure6, for conditionsof I_O00°Fhot blast, a similar size
48" diametercupola is indicatedto be capableof me]ting 14.2 tons/hr.
at 13:1 metal to coke ratio.

Thus readingenergy requiredfor 1,000°Fhot blast cupola at 13:1
meta] to coke ratio, from Figure 3, is:

Energy required= 2.20 x 106 BTU/ton

Reduction in energy/ton = (2.85 - 2.20) 106 BTU/ton = 650,000
BTU/ton

0.65
Which is equivalentto_-T_-_ = 22.8% improvement

". Annual energy reductionbased on 15,000tons of metal melted

per year = 650_000Btu/tonme]ted
• 12,500 BTU/Ib. = 52 lbs coke/ton

At $0.10 per Ib, cost reduction = 52 x 15,000 x 0.10 = $78,000 per
_ear

_]KaG C-II
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DIVIDED BLAST CUPOLA

Provision of two rows of tuyeres enables higher metal tapping
temperatures to be obtained for a given consumption of coke, or reduc-
tion of 20 to 30 percent coke with increased melt rate of 11 to 23
percent with a given blast rate and constant tapping temperature. Com-
parison of thermal balances for conventional(one row of tuyeres vs.
divided blast operation) is as follows:

Item Conventiona! Divided

Coke charge % 12.0 12.0

Metal temp.°F 2655 2/55

TopgascompositionCO2 % 11.9 13.1

Top gas compositionCO % 15.0 13.0

Combustionratio CO2 X 100 44.2 49.8

C02+C0

Top gas temp. °F 860 970

Utilization of Heat Supplied

Sensibleheat in metal at

Top temp.(thermalefficiency) % 34.7 35.7
Latentheatintopgas % 38.9 35.0
Sensibleheatin topgas % 12.8 15.1
Otherlosses % 13.6 14.2

TOTAL "I-0-O1"0-O
Example

Show reduction of charge coke consumption and increase in melting
rate by operating a cupola with two rows of tuyeres at a blast rate of
1,600 cu. ft/min, compared to the cupola operating under previous ex-
ample conditions. At 13:1 metal to coke ratio, the charge coke is 7.7%
addition. Read Figure 7 for reduction of coke with two rows of tuyeres
(divided blast} at 2,686°F metal temperature and 7.7% charge coke.

.'. From graph line (Figure 7) for 2 rows of tuyeres, the reduction
of coke consumption : 30%

Thus coke savings for divided blast cupola operation,

: 2,000 x 0.077 x 0.3 : 46.2 Ibs/ton of melt

@12,500 BTU/Ib, energy saved per ton of melt : 46.2 x 12,500
= 577,500 BTU

Total energy requirements for cupola from previous example is
approximately 2.20 x 10v BTU/ton melted at 13:1 metal to coke ratio.

J
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Revised energy requirement; divided blast cupola, per ton

= 2.20 x 106 - 577,500 = 1.62 x 106 BTU

By calculation, the new metal to coke ratio is equivalent to energy
required at 15.8:1metal to coke ratio or approximately1261bsofcokeperton
of melt.

.'. Annual energy reduction based on_15,000 tons of melt required per
year = 577,500 x 15,000 = 8662.5 x IObBTU

Percent energy reduction = 577,5002.20 x 10b = 26.2%

Cost reduction for 15,000 tons per year melt requirement

= 15,000 tons x 46.2 Ibs/ton x $0.10/1b = $69,000/yr.

OXYGEN ENRICHED BLAST SYSTEM

A minimum production rate of 15 tons/day and 3 days per week is
generally needed to justify the use of oxygen to gain production in-
crease. Also no major reduction in coke usage occurs above 10 tons per

hour melt rate with 2 - 3% 02 enrichment. Savings at lower production
rates are obtained as follows:

Example

Increased melting rate and/or tap temperature can be obtained by
oxygen enrichment of 2 - 3%.

The total energy required can be read from graph 'A' Fig. 5 for
production under 10 tons/hour.

Thus energy at 9 tons/hour metal melted = 1.85 x 106 BTU/ton

Energy reduction compared to say a divided blast cupola (ref. Fig.
4) with metal to coke ratio of 13.5:1 (graph "E")

2.20 x 106 - 1.85 x 106 = 350,000 BTU/ton

Percent savings = 350,000 6 = 16%2.20 x 10

350,000
Cost reduction based on reduction of coke :1-2-_-(X}-Btu/Ib

: 28 Ibs/ton melted at $0.i0 per Ib, the annual savings in coke

energy for 15,000 tons melted : 15,000 x 28 x 0.10 : $42,00_yr.

OVERALL ENERGY SAVINGS

The following table summarizes the possible cost and energy
savings by improvements to the cupola operation.

_] . a G C-13 []
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BTUITON ENERGY_ ANNUAL r SAVINGSITEM
SAVED IMPROVEMENT COKE THERMS r COST $

Tap Temp. Reduction 1,075,000 30.0% 161,250 $ 129,000

Mot Blast System 650,000 22.8% 97,500 78,000

DividedBlast System 577,000 26.2% 86,625 69,000

OxygenEnrichment - - -
(NotApplicable)

TOTAL 2,302,000 345,375 $ 276,000

Percent energy use reduction = 2,302,000
Z,85/,050: 80.5%

Original thermal efficiency (approx.) 28.4

Improved thermal efficiency

= Heat in iron (approx.405 BTU/Ib.)x 100 = 810,000x 100 = 50.0%

GrossEnergyInput 1.62x 106

ECONOMIC EVALUATION

The order of magnitude cost, to implement all improvements for the
sample cupola considered, is used to emphasize the viability of large
capital expenditures for energy conservation measures. The payback is
further improved, if full tax credits are accounted for and adjustments
made for impact of future energy cost.

Example

Payback period = Capital Investment
Energy Cost Savings/year

•" Payback $1,000,000
• = Z/6,000 = 3.6 years

& G c- 4 []
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COKE VS. ELECTRIC

COMPARATIVE ANALYSIS

To determine the best method, involves consideration of a complex
interrelationship of specific foundry needs, relative to furnace opera-
tion. Energy for melting is only one aspect and not necessarily the
primary factor, however, this analysis deals with differences in costs
of melting due to energy only.

Based on calculated cost of energy developed elsewhere in this
study, the cost of potential heat by alternate methods is summarized as
follows:

i Item FoundryCoke Electricity(Ave.)I
Cost of Energy $167.50/netton $ O.0400/KWA

PotentialHeat

Content 12500 Btu/lb. 3415 Btu/KWH

Cost per million

Btu $6.70 $ 11.70

Energy for pre-heating, melting and superheating i ton of cast
iron to 2,700°F.

552 Btu/lb x 2000 = 1,100,000Btu/ton

Percentof energy requirementfor each phase of the meltingcycle
is as follows:

Btu/lb.

Pre-heatto melt temp. 552 Btu/Ib x 65% = 358.8

Melt to liquidstate 552 Btu/lb x 22% = 121.4

Super heat to 2,700°F 552 Btu/Ib x 3% = 71.8%

For melting efficiencies of different types of equipment used for
melting cast iron (see Figure 1.).
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FIGURE 1. MELTING EFFICIENCIES

The following TABLE compares the three practical melting methods
with respect to energy economics.

ELECT. ELECT.

ITEM CUPOLA INDUCTION ARC.

Costtopreheat $ 8_01 $ ]3.99 $ 11.19
Cost to melt 2.71 4.73 3.79
Costtosuperheat ]3.74 2.80 6.72

TOTAL _ _

BTU's required x 106 3.65 1.84 1.85

Example

Cost to pre-heatone ton of metal by cupola to melt temperature;

Btu required= 35.8 Btu/Ib x 2000 Ibs 0.72 x 10660% _fticiency = 0.60 = 1.196 x 106

Cost of energy @$6.70 /million Btu = 1.196 x 6.70 = $8.01

On the basis of this analysis, the electric induction furnace is
more energy efficient. However, the analysis can be applied to any
combination of melting methods to obtain the most energy cost effective
results (See Figure 2).
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FIGURE 2

Subjectto the practicalfeasibilityof these combinationsand not
accounting for other capital or operating costs, the cupola to induc-
tion furnaceapproachat $13.52per ton melted is the leastcost. Btu's
required by this method based on previous calculations are:

Cupola 1.60 x 106

Induction 0.24 x 106

TOTAL 1.84 x 106 Btu/ton
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PART D

C_w_S-FIREDCHARGE PREHEATING

GENERAL

Furnace charge preheating, up to 1,000°F for iron, results in
energy and cost reductions of up to 25%.

This section deals with charge preheating by;

• Gas-fired burner units.

• Oxygen assisted burners.

Diagrams and tables indicate typical data and performance for
equipment commercially available. Similar information should be re-
viewed from alternate sources prior to actual energy audit work being
carried out.

Example

Required, scrap preheat temperature of 1,000°F for batches of one
ton size to be chargedto an electricmelting unit, operating8 hours
per day, 240 days per year at annual rate of say 3,000 tons of gray
iron.

Increased melt production percentage is obtained by reference to
Figure 1, reading for 'iron' at 1,000°F scrap temperature.

@ 1,000°F,resultingincrease= 30%

Equivalent Energ_ Requirements:

Natural Gas-Fired Unit:

@ 1,000°F= 600 cu. ft/ton = 600,000 Btu (from Table 1)

Thus: Cost @ $O.3/Thermx 6 Therms = $1.80/ton

Electrical Ener_ Usage Reduction

@ 1,000°F= 117 kW/ton (from Table 1)

Thus: Cost @ $0.042 per kW = $4.91/ton

Net cost savings = (4.91 - 1.80) = $3.11 per ton

Annual cost reduction= 3,000 x 3.11 = $9,330
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FIGURE 1. INCREASEDMELT PRODUCTION

l

TABLE1 I

FurnaceChargePreheatingEnergyComparisonforArcandInductionMelting
of Iron, Aluminum and Brass

Efficiency Basis: Induction Furnace @ 70%/Fuel (Gas, Propane, Oil @ 47% to 93%, depending on Temperature)•

j _ . .

r";',_,",,_;,; KW Usage per Ton VenetlJ Usage per TonlCF Venetia Usage per TonlGat, Venetia Usage Per Ton/Gal.
Temp. • F. Cold Melt Nalurai Gas Propane #1 or W2 Fuel Oil

• _ .1000 BTU/Cu, Ft. _ 91,735 BTU/Gal. ) 138 0O0 EITU/Gal

Iron Alum Brass Iron Alum Brass Iron Alum ,Brass Iron r Alum 8ra";s

59 Y01 44 150 256 105 1 6, 28 I 14 1 I 1.9 8

600 70 121 53 216 365 151 2.4 4 0 1.65 1 6 : 2.6 I I

700 82 141 62 276 469 193 3.0 5.0 2.1 20 3.4 1.4

_0 94 16t 70 372 640 261 41 7.0 28 27 46 1.9

900 106 18t 79 480 808 332 52 88 36 3.5 5.9 2.4

1000 117 201 89 600 1012 417 6.5 110 45 43 73 3.0
1100 129 792 86 $7

I_00 141 1006 110 7.3 I
1300 152 1320 144 96

_400 164 1680 18 3 122

i
J
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1 OXYGEN-FUELASSISTEDMELTING

Oxy-fuel assisted melting involves supplying additional heat
energy during melt down by introducing oxygen as a fuel to supplement or
replace the electrical power input to the furnace. Oxy-fuel assisted
melting practice has been applied successfully to most nonferrous and
ferrous metals with the exception of brass which exhibits high zinc
loss. Suitable stoichiemetric firing rates are chosen for each metal to
minimize oxidation.

Note: Wellman Alloys Limited of England used oxy-fuel (pro-
pane) burner - melting rate increased by 80% - energy savings
in excess of 15%.

Example

Data based on various induction furnaces incorporating oxy-fuel
indicates average of 26% improvement in power input, reference Table 2.

TABLE 2. OXY-FUEL ASSISTED MELTING IN INDUCTION FURNACES

Dale Oblslned From Vertoue Induction Furnaces Mug Oowll Time Furnace E|e¢lrk:ll| Mill|n| RiIil,
Incorp4lrltln 90z'y-Fuol 1"rapIo TaP, kiln, Power Input, kwhrlIOIl_ Ion/IV

Fvrnl¢l Fwnlce BlUllolt Implovl- Implore- |n+preve-
Clee Cnpa_t 7 Rellng Melerlll • 1O* none+ mini, men++
Na. TO++(kg) Ira M,_,d F4aQ! (k_IVt_) H_m_ Al&lst4b_ % lie(nil| Ailelil_ild % Normal Amslltell %

| .3 _ Ovchll Props|no .}'75 73 51 30 897 1120 SCI .3415 .3S4 44
¢2C5) Ito_ |227)

2 .S 150 NI C+t PtojoIrml .60 150 IS 34 IO40 720 _11 .20 .316 541
(_g) Alloy (170)

3 1.0 3CO Carbon PrOpllnl .3575 150 105 30 II?S H0 17 ,41 .60 43
(101|) $1ilel (93)

4" tO 300 NJ_ Propane .gI5 164 97 4)' 1163 I_Q 42 .325 .612 U
(lots) AJioy (1_1)

• 1_ 6CO NI Cr I)glllne +592 90 60 33 733 _ 14 .M ,19 31
(1011) Alloy (a;'3)

• I.O _ At)Oy HnL Gila .303 175 _35 23 778 ILIO 1_2 .IT ++_ 411
('Z034) Sl,ea (14_

)' 3.0 BOO G;Sy Pfop_e .73Q 19a 125 34 7"_ 525 _:_ .632 .Is'| 54
t'3}_) Iron (2t4)

Ill 30 8C0 G#I)' Propane .PII}' IS )')' 341 _ 47| 19 .140 1.384 12
I_) Iron 107)

*Cell 4; FJgurel Ind RISUIII l_l lo++_lll-Blt_Only. Average 34.5 Average 211 Avorilge 441$
Ce)unesy WOIJ,_IILnAllOyS Lid., Ambll_14. Impro'_k- Jlllpfov_ Imp rOvqo"
_lOvrbrldIll. WllSt M_lelnOll. En01lh4. InOhI fnelfl| monl

Extracted from Foundry M & T MPS - March 1978
by J. A11read /Grede Foundries,M|_waukee
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Example

t

Alloy steel melted in 2.0 ton capacity, 600 kW rating furnace in-
dicated 32% power reduction:

Power improvement = 778 - 610778 = 22.0%

Reductionin electricity= 168 kWH/ton
= 573,200 Btu/ton

Electriccost reduction@ $0.042/kW: 168 x 0.042

= $7.05/ton

Added NaturalGas usage = 0.503 x 106 Btu/ton

Therms : 0.503 x 106
100,000Btu/Therms

NaturalGas cost addition@ $O.3/Therms= $1.51/ton

Annual cost reduction based on 3,000 tons melted per year
= (7.05 - 1.51) 3,000 = $16,660.

SUMMARY

BTU/TON THERMAL ANNUAL SAVINGS
ITEM SAVED EFFICIENCY THERMS COST

CHARGEPREHEATER (200,000) (6,000)$ 9,330

OXY-FUELASSIST. 70,000 2,100 16,600

TOTAL (130,000) (3,900)$25,930

ECONOMIC EVALUATION

I. Charge preheater I ton capacity
to operateat 1,000°F. $55,000

2. Oxy-fuelburnersystem. 23,000

3. Installationat25% 20,000

Subtotal $98,000
4. 10%Engineering 9,800

Total $107,800

Payback period Capital Expenditure
= Cost Reduction/Yr. = Years

Payback=107,800415Years

25,930: "

J
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PART E

ENERGYSAVINGCHECKLIST i

Many energy saving opportunities exist in all foundries that can be in-

stituted immediately with out requiring large capital equipment invest-

ments. The checklistthat followspresentsthese no cost/lowcost energy

saving ideas together with suggestion modifications and changes that will

require medium to major captial investements:

////
INFILTRATION 1 _J COMMENTS

Infiltration--Infiltration of cold air into the

plantthroughcracks,openings,gapsarounddoors
andwindows,etc.,increasesthebuilding'sheat _

load and may be responsiblefor 20 to 25 percentof _
theyearlyspace-heatingenergyconsumption.This

wastecanbeeliminated,andanadditionalsaving
inheatingrealized,bytakingthefollowingsteps:
i. Replacebrokenorcrackedwindowpanes.
2. Caulkcracksaroundwindowanddoorframes.

i
3. Weatherstripwindows and doors.

_4. Close windows while the building is being
heated.

5. Check sealing gaskets and latches for all op-
erable windows to see that they are working
proper ly.

6. Close all rolling-typedoors when they arei

notbeingused. _

7. Eliminateunnecessarywindowsandskylights. !ii

Heating, Ventilating,and Air-Conditioning(HVAC) ""
Systems--HVAC systems have a significant impact on
the plant's total energy consumption. These chang-
es in operational routine can cut HVAC energy use 5
to 15 percent:

1. Establish minimum temperature levels for the
heating season and maximum levels for the
cooling season. Establishing these levels
requires consideration of occupied and un-
occupied periods.

2. Repair or replace all damaged or defective
thermostats or control equipment; calibrate
as necessary.

3. Mount thermostatson insidewalls and columns
only.

4. Lock all thermostats to prevent unauthorized
personnel from tampering with them.

5. Eliminate the use of mechanical cooling when
the plant is unoccupied. Turn off heat or
maintain a 50 F minimum in unoccupied areas.

6. Inspect all outside air dampers to ensure
that they establish an air-tight fit when
closed.

7. Establish startup and shutoff times for HVAC
systems.

8. Shut off or adjust HVAC systems during week-
ends and holidays.

9. Minimize outdoor air intake.

K _ G
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_COMMENTS
Makeup-Air Units--Whenever air must be heated, in-
efficiencies are probable. The following modifi-
cations to makeup-air units can help conserve
energy:

I. Adjust burners for proper flame patterns.
2. Clean burner nozzles periodically to remove

mineral deposits and corrosion buildup.
3. Observe the fire when the unit shuts down. A

fire that does not cut off immediately could
indicate a faulty control valve. Repair or
replace the control valve as necessary.

4. Keep all heat-exchanger surfaces clean.
5. Inspect casings for air leaks. Seal them as

necessary.
6. Clean or replace air filters regularly.

--7. Keep fan blades clean.
8. Inspect and lubricate motor bearing regu-

larly.
9. Inspect fan inlets and discharge screens to

keep them free of dirt and debris at all
times.

Insulation--Transmission heat losses and gains
through walls, glass, roof, floor, etc., can be
controlled with adequate insulation. The savings
depend on the loss reductions achieved. A 5 to i0
percent saving is possible.

Lighting--Lighting represents a major portion of
electrical energy use. A reasonable effort should
be made tO use only the amount of lighting neces-
sary for safety and efficiency. Taking the follow-
ing steps could lower plant electricalenergy con-
sumption approximately 5 to 15 percent:
I. Use daylight for illumination when possible.

Turn off lights when sufficient daylight is
available.

2. Turn off lights at night and in unoccupied
areas during the day.

3. Install simple timers on light switches
throughout the plant, including in offices.

1 4. Keep lighting equipment clean and in good
working order.

5. Replace burned out or darkened lamps and
clean all fixtures.

6. Increase the light-reflective quality of
wails and ceilings with light colors. Such
improvements may permit additional lighting
reductions.

r

Boilers--In any boiler operation, the main source
of energy waste is inefficient combustion. A 10 to
25 percent energy saving is possible by reular]y
following these simple checks and guidelines:

i. Inspect boilers for scale deposits.
2. Keep all heat-transfer surfaces as clean as

possible to reduce temperature differences.
3. Follow the boiler manufacturer's recommen-

-- dations.
4. Follow the feedwater treatment and blowdown

procedures recommended by the supplier. This
measure will save fuel by minimizing scale
formation.

5. Inspect door seals and other seal gaskets.i

Leaking gaskets waste fuel; doors may be de-
formed.

6. Check boiler stack temperature. If it is too
high (more than 150 to 200 deg F above steam
temperature),clean the tubes and adjust the _{
burner.

IE-2
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7. Adjustthe burnerso that the stacksare free
of haze.

8. Collect and analyze flue gas samples regu-
-- larly to determine if combustion is effi-

cient.
g. Minimize the amount of excess air supplied

for combustion.
10. Operateonly one boiler unless itcannot sup-

ply the load.
11. Prevent short-cyclefiring.

Steam Lines and Traps--Whethersmall or large, the
leaks in steam piping, fittings,valves, and traps
add up and can waste large amounts of energy. A
detailed survey of all such piping should be made
weeklyor monthly and the following stepsshould be
taken:
1. Repair or replace defective or missing in-

- sulation.

2. Inspect steam traps and replace those that
are worn, inoperative,or improperlysized.

3. Inspect pressure-reducing and regulating
-- valves and their relatedequipment. Adjust,

repair,or replace as necessary.
4. Check pressure gauges and thermometersfor

-- recording accuracy.

Fans, Pumps, and Motors--Proper maintenance of
fans, pumps, and motors can significantlyin,)rove
their operationalefficiency. The followingsteps
can save energy at almost no cost:

Fans:
i. Clean the blades,

--2. Inspectand lubricatebearings regularly.
q3. Inspectbelts for proper tension.
--4. Keep inlet and dischargescreensfree of dirt

and debris.
Pumps:

I. Check packings for wear. Bad packingswaste
water and erode the shaft.

2. Inspectbearings and belts regularly.
Motors:
I. Keep motors clean.

--2. Preventovervoltageand undervoltage.
--3. Eliminateexcessive vibration.

--4. Correct loose connections, bad contacts,
belts, pulleys,bearings, etc.

5. Check for overheating and provide adequate
ventilation.

6. Prevent imbalance in power phase sources.
-- This condition can cause inefficientmotor

operation,

DomesticHot and Cold Water--Followingthese guide-
lines can maximize the efficiency of domestic water
use:

i. Inspect the water supply system and repair
leaks,especially faucet leaks.

2. Inspect insulationon storage tanks and pip-
ing. Repair as needed.

43. Turn off the pump when the building is un-
occupied, if hot water is distributed by
forced circulation.

44. Inspect and test hot-water controls. Reg-
ulate, repair,or replaceas necessary.

45. Disconnectall refrigeratedwater fountains,
if acceptableto building occupants.

E-3
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Compressed Air Systems
1. Install either solenoid valves or remote op-

erated valves on assembly line air mains to
eliminatenormalor accidentalair leaksdur-

ing non-operatinghours.
2. Avoid utilizing expensive city water for a

once throughcompressor coolingsystem. In-
stead, investigate recycling cooling water
througha cooling tower.

3. InveStigateutilizing waste air compressor
aftercooler cooling water (95-115°F.) as
boiler make up. This both saves the energy
that would be required to heat city water
from 55a to 95a and reduces the waste water
discharged to city sewers with a resultant
sewer charge reduction. As a rule of thumb,
this will result in a 2 gallon fuel oil
saving per 1000 gallons of make up water.

4. Install solenoid valves on all machine air
supply lines to limit air use to actual ma-
chine operating periods.

5. If large.quantitiesof low pressurecompressed
air are required,consider installinga sep-
arate low pressurecompressorratherthan re-
ducing from the main plant supply.

6. Be sure the compressed air intake is in a
cool location. Every S°F. drop in intakeair
temperatureresults in a 1% increase in com-
pressed air volume far the same compressor
horsepowerrequirements.

7. Extra air receivers at points of high peri-
odic air demandmay permit operation without
extra air compressor capacity.

8. Keep compressorvalves in good conditionfor
maximum efficiency (worn valves can easily
reduce compressore_ficiency50%). Many com-
pressor manufacturers recommend removal and
inspectionevery 6 months.

9. Match compressor pressure to actual system
requirements. Operating a compressed air
system at higher than requiered pressure re-
sults in higher compressor maintenance and
reducedefficiency,as well as increasedop-
eratingcosts. Most air tools are designed
to operate with go PSI at the tool. Higher
pressures result in increased maintenance
and shorter tool life expectancy. Typically,
a 10% increase in pressure will reduce tool
life about 14%.

10. Size air hoses for minimal pressure drop to
air tools. For instance,a tool designed to
operate on 90 PSI will operateon 80 PSI, but
at a 15% reduction in production.

11. Consider the installationof double acting
water cooled piston compressors rather than
rotary screw compressors if the compressor
will be operating at partial load much of the
time. A double acting water cooled piston
compressorrequiresas littleas 5-7% of full
load horsepowerwhen unloaded,while a rotary
screw compressor can require as much as 60-
75% of full load horsepowerwhen unloaded.
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COMMENTS

12. Locate and repair all piping leaks. Typ-
-- ically,many manufacturingplants lose about

10% of their compressed air through leaks,
usually from loose pipe fittings, valve pack-
ing, shut off valves, worn out filters-reg-
ulators-lubricators, quick couplers, and un-
used air tools. A 1/16" leak can waste 6.5

cfm, and in addition to wasting compressor
horsepower, will cost @ $8.00 per month. The
hundreds of leaks in many industrial air
Systems can represent a tremendous energy
waste.

13. Be careful to size compressor capacity fairly
-- closely to load, since a compressor's effi-

ciency is highest at full load.
14. Consider the installation of several smaller

-- compressors rather than one large unit."
Sequential operation will enable each com-
pressor to operate at full load.

15. Prohibit all use of compressed air operated
-- fans or compressed air hoses for personal

cooling.
16. Remember that it requires about i horsepower

-- to produce 5 CFM @ 100 PSI while a 1 horse-
power vane type air motor requires about 25
CFI_@ 90 PSI. Investigate replacing high
usage air motors wiLh electric motors where
practical.

17. Consider using solenoid valves to cycle punch
-- press blow off nozzles for only a short in-

terval. Many blow off nozzles have a 1/8"
orifice and, if operated continuously, will
consume about 25 CFM @ 100 PSI (the equiva-
lent of 5 HP compressor).

18. Consider reducingthe operating speed/pres-
-- sure on air operated paint pumps and paint

agitators during off-shift hours. Depending on
pigmentation andmetallic content itmay even be
possible to stop all agitation or circulation of
some enamels or lacquers during off hours.

19. In addition to poor partial load mechanical
efficiency, induction type compressor motors
have extremely poor power factors at reduced
outputs. For instance, a 250 HP induction
motor has a .87 PF at full load and a .55 PF
at i/4 load. Significantlow load operation
can drastically raise utility power factor
charges.

20. For highest efficiency, be sure air tools are
-- kept in good repair and are not excessively

worn. For instance, a sand blast nozzle worn
from 5/16" to a new diameter of 3/8" would
consume an additiona] 65-70 CFM.

21. Minimize low load compressor operation. If
-- air demand is less than 50% of compressor

capacity, consider converting smaller com-
pressors from constant speed operation to
start/stopoperation.

22. Install timers on desiccant type compressed
air dryers to match dryer recharging cycles
to actual system requirements.

23. Match compressor operation to building
hours. A time switch can permit close con-
trol of compressor hours and permit shut down
of high unloaded horsepower compressors
during meal breaks or shift changes.

'E" K & G []

E-5



III IIII ii iiiIIII11_

COMMENTS
Welding Operations
I. Investigate converting heating equipment

fuel from acetylene, natural gas, or propane
to methylacetylene propadiene, stabilized
(MAPP). This gas may reuslt in the improved
performance, higher cutting speeds and re-
duced oxygen consumption.

2. If product design is applicable, consider
utilizing seam welding (RSEW) instead of
coated electrode metal arc welding (SMAW),
metallic inert-gas welding (GMAW), or sub-
merged arc welding (SAW). Since high fre-
quency seam welding only heats the actual
welding zone, distortion is minimized. The
process is also less energy intensive than
most other applicable welding processes.

3. Consider utilizing electronic precipitators
to "scrub" welding exhaust fumes and thereby
eliminate building exhaust with its atten-
dant heat loss.

4. Install solenoid valves on welder or water
cooled torch supply lines to limit cooling
water flow to actual welder operating
periods.

5. Consider the installation of smoke detectors

to control welding exhaust fans.
6. Investigate inerta welding for uniform tub-

ular or solid sections and similar shapes.
Inerta welding can often replace alternative
welding methods with their related pre-
paratory machining operation.

7. Investigate using bag type dust collec-
tors/filtersto reduce building exhaust.

8. If welding shop workload varies widely, in-
vestigate ordering any new transformer type
welders with built-in power factor cor-
recting capacitors.

9. If oxy-acetylenewelding/cuttingtorches are
frequently used throughout the day, consider
installing weight actuated automatic torch
valves. This should help insure that an un-
used torch is turned off when it is hung up.

10. Investigate the installation of automatic
cutting torches, which normally operate at
maximum speed, thus yielding maximum cutting
for minimum gas consumption. Their cutting
speed and accuracy can often replace more
energy intensive alternative manufacturing
methods.

11. Be sure gas welding equipment connections and
hoses are tight. Leaks both waste expensive
gas and are fire hazards.

12. Investigate using high frequency induction
heating for brazing operations instead of
hand-held torch or a furnace.

13. Consider operating automatic cutting torches
on natural gas or propane instead of acet-
ylene. Acetylene has a higher flame tem-
perature than normally required for steel
cutting.

__14. Consider using hot air instead of direct gas
flame soldering torches. Since hot air is
supplied at lower temperatures, it conserves
energy and improves product apperance, as
well as reducing fire hazards.

15. Replace continuous pilot lights for gas weld-
ing torches with conventional flint light-
ers.

K & G []
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16. Be careful to avoid over-welding, either
during design or manufacture.

17. Use flame gouging instead of chipping hammers
i to remove tack welds, full welds, defects,

blow holes, or sand inclusions.
18. Consider using flame deseaming or scarfing

-- instead of chipping hammers to remove cracks,
seams, scabs, and crowsfeet. Hot scarfing
can clean up forgings without the cooling and
reheating required by chipping.

19. In general, transformer type arc welders are
-- more energy efficient than motor-generator

welders. At full rated load, transformer
type welders will consume slightly less power
than a comparable motor-generator welder. At
partial or no load, however, motor generator
efficiency and power factor drop appreci_
ably.

20. Motor generator welders are valuable where
-- ripple-free DC is required from single phase

power. A transformer-rectifierwelder can-
not normally deliver well filtered DC from
single phase power.

21. Investigate "stack cutting" with automatic
-- cutting torches. In many cases, a thicker

Cut uses proportionately less oxygen per
piece than a thinner cut. Cutting accuracy
is a maximum below 2" total thickness and
gradually deteriorates until the normal max-
imum cutting thickness of 6" is attained.

2Z. Shut down transformer type and motor-gen-
i erator arc welderswhen not in use and during

breaks and lunch. Savings will be minimal
with transformer type welders but will become
increasingly significant when motor-genera-
tor welders are stopped.

23. Be sure unused automatic torches are turned
-- off when not in use. Avoid excessive idle

time.

Process and Manufacturing Operations
i. Evaluate all machine tool purchases careful-

ly for operating efficiency. In some cases,
an alternative manufacturing method may re-
sult in lower energy usage per piece.

2. Consider installing electrostatic precipita-
tors to minimize dust or particle exhaust,
such as from welding operations.

3. Investigateinstallingsmoke detectors toI

operate exhaustfans."
4. Interlock proces s ventilation equipment with

the equipment it serves.
5. Replace simplex or duplex steam pumps with

motor driven pumps where feasible.
6. Install timers on punch presses, press

-- brakes, and hydraulic pressses to shut down
equipment if left idling for more than 10-12
minutes.

7. Install solenoid valves on all machine air
-- supply lines to limit air use to machine op-

erating periods.
8. Investigate using mechanical methods, such

-- as a cam or solenoid to eject punch press
parts instead of using compressed air.

9. Install either automatic doors or insulated
flaps on conveyor type heat treating ovens to
reduce heat loss.

_" K & G []
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COMMENTS

i0. Installsolenoid valves on all water cooled
equipment water lines to minimize water leak-
age.

11. Redesign processes to eliminate process ex-
haust ventilation.

12. Investigate the installation of reflecting
shielding or thermal barriers around heat
treating equipment to minimize cooling load
on adjacent areas, particularly in metallur-
gical laboratories.

13. All water pumping equipment will have to op-
erate at less than full design flow, consider
the installationof variable speed pumps to
minimize reduced flow power consumption.

14. Avoid severely oversizing production equip-
ment. An oversized tool is normally heavier
and requires more power than a smaller, cor-
rectly sized tool.

15. Operateairtoolsoncorrectpressure.Most
air tools are designed to operate on 90 PSI.
Tool operation on lower pressures reduces
output, while only a 10 pound pressure in-
crease results in a 14% tool life expectancy
reduction.

16. Meter unusual gas or process chemical re-
quirements. "Billing" a department for
actualconsumptioncanoftenresultinphe-
nomonal consumptionreductions.

17. Modify product test or analysis procedures to

avoidhighenergyconsumptiontests.Forin-
stance,minimizetesttimeonengineoperated
equipment.

18. Investigatethefeasibilityof operating
productionmachineryat 100%loadforone i
shift rather than at partial load for two
shifts.Forinstance,carefulschedulingof
vapordegreaseropeationmaypermitfullload q
operationforfewerhours. I

19.Attempttoreducemachineidletimeasmuch
asfeasibletomaintainhighpowerfactors.

20.Assignspecificplantpersonneltobesure
all production equipment is shut down after
shift and during breaks and lunch.

21. Operate melt furnace exhausts only during
furnace charging or fluxing if feasible.

22. Shut down process ventilation, building ex-
haust, and dust collectionduring breaks and
lunch.

23. If heat treating ovens are not required for
immediate use, energy can be saved by re-
verting to a reduced temperaturecondition.
Investigateconstructinga cool down/reheat
time chart for various furnace temperature.
This will enable operating personnel to
easily reduce furnace temperatures and still
be able to have the furnace up to heat by the
desired time.

24. Consider operating heat treating ovens 24
hours/dayto make maximum usage of energy.

25. Use fixed cycle times for heat treating/an-
nealing operations. Many actual oven times
are far longer than actually required, with a
resulting energy waste.

26. Operate chip conveyors only when needed, not
continuously.

CK G []
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27. Avoid partialheat treating furnace loads.
Z28. Shift or combine operations For both reduced

building hours and improved machine utili-
zation.

29. Minimize leaks and overflow from heated pro-
cess tanks.

Material Handling and TransportationSystems
i. Install "bump through" doors in fork lift

areas to reduceopen door time.
2. Install a flexible covering, such as rubber

I -- or canvas strip,over scrap conveyor openings
in buildingwalls.

3. Shroudsshouldbe used in all dock doors when
possible. Investigateusing air curtainfans
if shroudsare not available.

4. Investigate installationof "air pallets".
In some cases, they can offer energy reduc-
tions compared to lift trucks, particularly
where an oddly shaped work piece must be
moved short distances at slow speeds.

5. Be sure fork lift air cleaners are clean.

Some high dust locationsmay requirecentri-
fugal pre-cleanersto prolong filter element
life.

6. Be sure to purchase fork lift fuel thatmeets
the manufacturers standards. Bargain fuel
can actually reduce operating efficiency.

I. In a large operation, consider the instal-
lation of two-way radio equipment on material
handling equipment to reduce the number of
empty return trips. Try to schedule several
moves for fork lifts in an area to maximize
productivity.

8. Consider purchasing diesel fueled fork
lifts. 'Their reduced fuel consumption and
lower maintenance should result in substan-

tial savings over gasoline or propane lifts.

9. Investigate replacing internal combustion
fork lifts with electric fork lifts. In many
cases, operating costs (and energy consump-
tion) will be lower. In some cases main-
tenace costs may drop up to 30%. Electric
trucksalsohavelowerdowntime,arenon-pol-
luting, and are quieter.

10. Consider installing electrical hoists rather
than air operated hoists since a "1 horse-
power" air hoist requires about 5 compressor
horsepower,while a "i horsepower"electric
hoist requires only I horsepower.

11. Replace old, out-moded (and inefficient)

motor-generator electric fork lift battery
chargers with new, solid state,power factor
correctedhighefficiencybatterychargers, ii

12. Avoid pushing loads. Though this only wastes _!_!
fuel and wears clutches with an engine op- ,
erated truck, it can severely damage a bat-
tery operated lift truck'sdrive motor.

13. Install overspeed governors on a11 internal
combustionmaterial handling equipment,par-
ticularly fork lifts, to eliminate empolyee
hot rodding.

14. Investigate fork lift records or contact man-
Ufacturersto discoverthe best fork lift
fuel consumption. Log a11 machine fuel to
determine operator errors or machine deter-
ioration.

E-9
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COMMENTS
15. Be careful not to overfill fork lift fuel

tanks. Spilled gasoline or diesel fuel or
vented LPG is both wasteful and hazardous.

16. If a light load has to be moved a short dis-I

tance, use a hand truck rather than a fork
lift. Be sure fork lifts are used for ma-
terial handling, not personal transpor-
tation.

__17. Be sure pneumatic fork lift tires are pro-
perly inflated. Underinflation both damages
tires and wastes fuel.

18. Avoid using a far larger fork lift then re-
quired. For instance,use a 2000 pound lift
to maneuver oil barrels rather than a 6000
pound lift.

I19. Avoid excessive fork lift idling. Start a
lift only when there is work to be done - and
stop it as soon as it is completed.

i20. Avoid making a habit of using a drastically
oversizedcranefora drasticallyundersized
load. Ir a machine frequently requires a
crane to loadsmall work pieces, consider in-
stalling a small jib crane with an electric
hoist. This both frees up the main crane for
heavier jobs and saves energy.

21. Install automatic timers to shut down crane
motor generators if no crane moves are made
within ten minutes.

Paint Line Operations
1. Consider use of airless spray instead of air

spray paint application. While it requires
about 9.5 HP to atomize 1 GPM using air
spray, it only requires about 1.3 HP to
atomize 1GPM using airless spray. Airless
spray is particularly suited to large, heavy
work pieces that must be painted with one
coat, in place, such as heavy construction
equipment, barges, structural steel, or
railroadcars.

2. Since natural gas is a decreasing resource,
investigate the applicability of ultra-
violet cured metal finishes to your product.
Frequently,product redesign may enable the
use of ultra-violetpost coatingor may per-
mit using pre-coated coil stock. In many
cases, coil coating uses only about 20% of
theenergyrequiredforpostpainting.

3. Consider installation of direct fired paint
ovens instead of indirect fired. The heat
transfer coefficient for dirct fired is about
97% versus 60% for indirect fired, with com-
parable differences in fuel COnsumption.

.__4. Investigate conversion to water base paint-
ing materials. Water base usually cuts
energy consumption by reducing spray booth
air flow, oven exhaust, air makeup require-
ments, and oven times. In some cases,
finishing lines have reudced total natural
gas consumption up to 45%.

5. Research is currently being done to develop
low temperature cure and air dry waterbase
coatings. Current future forecasts often
predict water base may account for up to 60%
of the industrial finishing market by 1985.

1 6. Considerutilizinggasfiredwashercombus-
tion products to provide heat for dry off
oven. This would be paricularly applicable
to direct fired washers.
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7. If your product configurationis applicable,
consider converting to a high intensity in-
fra-red curing which uses as little as 10% of
the energy required for a comparable gas
fired oven.

8. Investigate converting paint ovens to the
"Raw Oven Exhaust Recycle Process". This
system returnspart of the oven exhaust back
to the oven after passing through an incin-
erator.

g. Investigate conversion to airless paint dry-
ing from conventional oven baking. This
systemholds oven oxygencontentto as low as
I%, with resulting reductions in oven exhaust
and gas requirements.

i0. Reduce spray booth/makeupair temperatureto
65° - 68o.

11. Investigate installing electric ovens in-
stead of gas or oil fired. Higher operating
costs are somewhat reduced by better temper-
ature control, constant one-fuel operation,
and more readily controlable oven atmos-
phere.

12. Consider insulating the entire paint line
parts washer to reduce heat loss. Some plant
operators estimate they have achieved up to
20% fuel reduction in metal pretreatment op-
erations after insulating parts washers.

13. If insulating the entire washer is not feasi-
ble, investigate insulating the heated por-
tion of the washer.

14. Consider additional paint oven wall insul-
ation. Doubling the present thickness
(usually only 2") will cut wall losses in
half. Since most paint oven heat is lost
through oven roofs, this portion in partic-
ular should be well insulated.

15. Consider utilizing ambient temperaturesol-
vent flash off if possible. In many casses,
a slightly longer or slower conveyor may be
all that is required,

16. Considerableheat is lost through oven "air
seals", which are generally ineffective.
Consider installationof bottom entry/exit
oven, which better retain heated air within
the oven.

17. Consider installations of oil fired paint
ovens instead of gas fired. New oven tech-
nology can minimize paint discoloration and
soot problems if a light, low sulfur (I_)o
oilisused.

18. Consider heat recovery equipment, such as
"heat pipes", in spray booth and bake oven
stacks. If heat recovery equipment is used,
a regular maintenance program is required to
minimize heat losses caused by paint residue
build up.

19. Consider switching to low or ambient temper-
ature parts washer cleaners and phosphating
Compounds. For instance, iron phosphates are
now being successfullyused at 100-120°F.in
some applications.

20. Investigate staging spray booth air flow. If
painters work only in the first section, with
automatic spray equipment in the remaining
zones, the booth air can flow into the first
zone, and be exhausted to the other zones.
In many cases, solvent concentration in the
final zone would still be below the 25% LFL
limit.

K & G []
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Z1. Replacing manual spray with automatic paint
sprayingmachinerymay permit a reduction in
sprayboothair ve]ocitywith a resu]tantmake
up air reduction. Material flammability and
toxicitymust be investigatedto determineif
any reductionsare feasible. This normally
requires approvalfrom insurance inspectors,
fire inspectors,O.S.H.A., and any other aP-
plicable agencies.

22. Investigate using process steam condensate
as heat source for paint line parts washer
tanks.

Z3. Use a fixedorifice rather than an adjustable
valve to meter water into process or paint
line constant overflow tanks for minimum
flow.

24. Check booth velocity carefully to avoid over
exhausting. Consider using electrostatic
spray since this usually permits a reduction
of booth velocityof about 40%.

25. Investigateinterlockingpaint line convey-
ors wi%h parts washers and bake ovens.

26. Investigate the feasibility of operating
fume incineratorsat reduced temperatures.

27. If paint line or process exhausts include
extremly high solvent concentrations, in-
vestigate recovering and re-refining these
otherwise wasted solvents. In some cases,
solvents have been reclaimed at an energy
cost 1/5 - I/6 the price of new solvent.

28. Be sure plant iS not occasionallyunder nega-
tive pressure. Negative pressure can starve
gas burners resulting in a fuel rich flame
with excess CO. Negative pressure also re-
sults in increasedair infusionthroughwalls
and windows, with'resulting cold drafts and
worker complaints.

29. Be sure all stages in a process are really
necessary. In some applications, washer
stages may be eliminated or partially shut
down, as may dry off ovens.

30. If batch ovens are used, maximize loadingand
optimizeworkinghours for highestenergy ef-
ficiency. Similarly, minimize warm up time
as much as possible.

31. Because solvents are increasinglyscarce and
expensive,considerfiltering,distilling, t
or otherwiserecycling solvent.

32. It may be possible to improvepaint oven heat t
transferby increasingcirculatingair
velocitiesor volume and by utilizingheating
system radiantenergy. Improved heat trans-
fer may permit increased travel speeds with
resulting increases in production with lit- ',
tleornoincreaseinfuelreuqirements.

33. Sequentiallyshut down ovens at end of shift
or production run.

34. Attempt to scheduleall paint line operations )
f6r one shift if feasible, i

35. Be sure all gas immersion tubes used for t
-- liquid heating are clean (both interior and

exterior)for best heat transfer.
36. Be sure all air filtersare kept clean.

--37. Change paint Ilne conveyor speed and hook
-- configuation as required with product

changes to maximize productivity and mini-
mize oven idle time.

38. Reduce conveyor speed when parts are not
flowing throughwash or bake ovens.
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VOLUME I

SECTION III

ENERGY ANALYSIS

OF NINE SELECTED FOUNDRIES
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INTRODUCTION

To substantiate energy reduction methods and procedures as ad-
dressed in Sections I and II, nine foundries were surveyed for the
pur,ose of obtaining all necessaryinput data required to calculate
potential energy reduction measures that would be applicable to all
CCMA member companies.

The selected foundries used in this section are comprised of
various foundry types and are fairly representative of the California
Cast Metals Industry.

The selected foundries were very cooperative in providing much of
the input data used in this Section. Lack of in-plant metering,
especially in regards to gas flow rates to various equipment, and flue
gas combustion analysis data precludes any guarantee as to the accur-
acy of the potential energy savings shown in each individual foundry
energy analysis.

Gas utility companies in both northern and southern California
are assisting in obtaining gas flow rates and combustion analyses
information. Much of this information was not available at the time it
was needed; therefore, in some instances input data is not factual and
the anticipated energy savings shown are an approximation or order of
magnitude only. Where such cases occur they will be noted as will the
assumptions used in the computation of energy savings. It should be
stressed that the percent savings shown for various processes is with-
in the range of previously published data.

Electrical energy profile graphs are factual. The input data
used was supplied by the appropriate electric utility company.

The electricity savings shown, for each individual foundry, are
all cost related - no energy savings are possible by implementation of
demand limiting and off-peak melting practises.

As stated in Section II part A, improved electric melt furnace
design could be an area where effective energy savings could be realiz-
ed. The unavailability of substantiated evidence as to the amount of
energy savings and the associated cost of furnace improvements pre-
clude documentation of such energy savings in the nine foundries sur-
veyed.

Furnace manufacturers quote figures as high as 10% savings for
improved furnace designs as previously listed in this study.

Every attempt has been made to simplify the methodology of proce-
dures for calculating energy savings relative to melting, heat treat-
ing and ladle preheating operations.
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Unfortunately, because of the many variables associated with
foundry operations, it is impossible to reduce all mathematical for-
mula's to graphic and tabulated form. It is therefore unavoidable that
many mathematical functions must be accomplished to achieve the end
results. The use of a simple calculator together with adequate audit
data and reference to the mathematical models presented in Section II
should make the task relatively simple.
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SUMMARY OF ENERGY USAGE AND EFFICIENCY RECORD 1979

SCHEDULE A-12 RATES

) co,so,PTlO#/ ENERGYCOST U,ITOFPROOUCT]ON]RELATIVETOS_ESENERGY

TONSI TOTAL TOTAL BTUX10_ COST

1,535 7,902 27,072 32,0_ 67,065 100,709 78,350) 264,8( 443,946 43.83 6.62 290.16 5,000,000 8.87

6,40 __ 47,194- _ -
B 18,938 NONEI 66,132 459,755 50,73; NONE J 510,487 10.32 7.72 79.67 11,000,000 4.64

C 2,520 22,177 31,681 375 54,233 268,575 87,0071 3,090 358,672 21.52 6.61 142.3 8,500,_0 4.21

u . 50017,873133,556_,ONE_51,429207,78610,1651NONE317,95,102.8561B 635.9iB,000,000211
, E 3,578 31,049 48,448 NONEI 79,497 375,016 105,3471 NONE 480,363 22.22 6.04 134.24 9,500,000 5._56

F 9,600 61,850 70,917 NONEJ 132,767 832,314 86,877J NONE 1,019,192 13.82 7.72 106.17 45,600,000 2.23

[IG 133 1,383 3,980 NONEI 5,364 29,869 10,178 NONE 40,048 40.33 7.47 301.11 2,000,000 2.00

I "78 2,066 12,219 NONE 14,285 38,113129,429 NONE 67,540 18.3 4.72 86.58 5,000,000 1.35

1_ ENERGY CONSUMPTIONFIGURESARE X 106 BTU.

2_ ABOVE FIGURESDO NOT INCLUDEENERGY USE FOR TRANSPORTATIONPURPOSES

r--
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SUMMARY OF ENERGY USAGE AND EFFICIENCY RECORD

1980 CALENDAR YEAR (PROJECTED)-3/

ENERGY COST
ENERGY CONSUI,IPTIO_1/ ENERGYCOST_/ _/ UNIT OF PRODUCTION RELATIVETO SALES

IS TOTAL TOTAL BIuXI0v COST.
'PEO ELECIRIC GAS COKE ENERGY ELECTRIC GAS COKE COST $ TON BTU X 10b COST/TON GROSS SALES $ PERCENTCOOE

A _30 7,902 27,072 32,09 67,065 123,105 78,350 54,8_ 466,342 43.83 6.95 304.8 5,000,000 9._

B 107 47,194 18,938 NONE 66,132 839,557 50,732 _ONE 890,289 10.321 13.46 138.9 1,000,000 8.09

C 520 22,177 31,681 375 54,233 425,700 87,007 3,05 515,797 21.52 9.51 204.6 8,500,000 6.06

U 500 17,873 33,556 HONE 51,429 314,304 110,165 _ONE 424,469 102.85 8.25 848.93 15,000,000 2.B2

E 578 31,049 48,448 NONE 79,497 551,696 105,347 NONE 657,043 22.22 8.26 183.6 9,500,000 6.91

F 600 ] 61,850 70,917 NONE 132,767 L,170,233 186,877 NONE .,357,11D 13.82 10.22 141.36 15,600,000 2.97

G 133 I 1,383 3,980 NONE 5,364 40,334 10,178 NONE 50,513 40.33 9.41 379.7 2,000,000 2.52

87 1,616 463 NONE 2,080 29,806 1,237 NONE 31,043 23.9 14.9 356.8 1,300,000 2.38

,._ 780 2,066 12,219 HONE 14,285 42,893 29,429 NONE 72,322 18.3 5.06 92.72 5,000,000 1.44

!/Energy consumptionfigures are x 106 Btu.

_IAbove figuresdo not includeenergy use for transportationpurposes.

F _/1979 electrical consumptionfigures used to project anticipatedenergy cost.

rrl _IElectricalenergy costs based on 1980 "time of day" billingrates.

Z/All other energy costs (gas and coke) are based on 1979 unit rates.



SUMMARYOF ENERGY USAGE AND EFFICIENCYRECORD (POTENTIALSAVINGS)

ALTERNATE I

ENERGY CONSUHPTION_/ ENERGY COST $ UNIT OF PRODUCTION ENERGY COST
RELATIVE TO SALES

TONS TOTAL TOTAL BTUX 106 COST_"
CODE ;HIPPED ELECTRIC GAS COKE ENERGY ELECTRIC GAS COKE COST $ TON BTU X 10° COST/TON GROSS SALES PERCENT

A 1,530 7,902 14,624 25,166 47,692 119,610 42,37J 207,727 369,710 31.17 7.75 241.6 5,000,000 7.39

B 6,407 47,194 10,345 NONE 57,539 830,397 27,79_ NONE 858,189 8.98 14.9 133.9 11,000,000 7.80

C 2,520 22,177 15,551 375 38,104 421,383 47,443 3,090 471,920 15.12 12.38 187.26 8,500,000 5.52

D 500 17,782 2D,632 NONE 38,414 38,242 67,51_ NONE 375,757 76.83 9.78 751.5 15,000,000 2.50

E 3,578 31,049 25,657 NONE 56,661 533,034 55,20S NONE 588,243 15.83 10.38 164.4 9,500,000 6.19

F 9,600 61,850 49,348 NONE III,198 L,155,216 32,70C NONE 1,287,916 11.58 11.58 134.15 45,600,000 2.82

G 133 1,303 2,052 NONE 3,435 39,217 6,24_ NONE 45,459 25.82 13.23 341.79 2,000,000 2.27

,._ H 87 1,616 463 NONE 2,080 27,745 1,23) NONE 28,982 23.9 13.93 331.6 1,300,000 2.22

_:m I 780 2,066 9,584 NONE 11,650 40,111 22,183 'NONE 62,294 4.9 5.34 79.86 5,000,000 1.24

QD

_/ENERGY CONSUMPTIONFIGURESARE X 106 BTU.

m _/ABOVE FIGURESDO NOT INCLUDEENERGY USE FOR TRANSPORTATIONPURPOSES.



SUMMARY OF ENERGY USAGE AND EFFICIENCY RECORD (POTENTIAL SAVINGS)

ALTERNATE 2

J

ENERGY COST
ENERGYCONSUMPTION_I/ ENERGY COST UNIT OF PRODUCTION RELATIVE TO SALES

TOTAL _ TOTAL BTU X 106. COST _

COD ELECTRIC COKE ENERGY ELECTRIC_ GAS COKE COST $ TON BTU X 10b COST/TON GROSS SALES $ PERCENT

A SAMEASALTERNAIE- 1
I1,530 5,000,0007.39%

B 6,407 47,194 10,345 NONE 57,E 771,987 27,79_ NONE 799,779 8.98 13.89 124.82 11,000,000 7.27%

C 2,520 22,177 15,551 375 38,] 364,636 47,44_ 3,090 415,173 15.12 _O.B9 164.75 8,500,000 4.8B%

D 500 17,7B2 2D,632 NONE 38,4 304,187 67,51( NONE 371,702 76.83 9.67 743.4 15,000,000 2.47%

E 3,578 • SAM]ASALTERNAE-1 9,500,000 6.19%

F 9,600 61,850 49,348 NONE 111,] 1,067,615132,70( NONE 1,200,315 11.58 ]0.79 125.03 45,600,000 2.63%

G 133 SAMEASALTERN_E -1 2,000,000 2.27%

H 87 SAMEASALTERNATE- I 1,300,000 2.22%
" I"

I 780 SAMEASALTERNA!E- i 5,000,000 1.24%

F I_/ENERGY CONSUMPTIONFIGURESARE X 106 BTU.

Fr_ 2_/ABOVE FIGURESDO NOT INCLUDEENERGY USE FOR TRANSPORTATIONPURPOSES.

.b,



ENERGYAND COSTS COMPARISONS

I !

:PRESEN!_O"DIT_ON_I!ALTE'_ATE_l ALTERNATE_2 ALTERNATE_3 PE"CENTSAV'NGSU
l I........FOUNDRY ENERGY i COST | ENERGY COST ENERGY COST ENERGY COST ENERGY COST,

A 67,065 , 466,342 47,692 369,710 ....... 29% 21%

B i 66,132 i 890,289 57,539 858,189 57,539 i 799,779 .... 13_ I)%

k

i : !
C i 54,233 ; 515,797 38,104 471,920) 38,104 I 415,173 38,103 434,603 30% 20%

D F 51,429 I 424,469 38,414 375,757 38,414 371,702 38,414 366,479 26% I 14%

E 79,497 657,043 ) 56,661 588,243 -- ! ...... 29% 11%
l

L

F 132,767 1,357,1101 111,198 1,287,916 111,198 1,200,315 .... 16% 12%
i I i

G i 5,364)50,51313,43545,459........ 36_ 10:
I I
i i ' __

. 2,080 31,043;2,080)28,982,-..... -0- I 7_. I
! ! : _ I --I 14,285; 72,322 11,650! 62,294 -- _ .... 19% 14%

,, 1 i )
AVERAGESAVINGS (NINE FOUNDRIES) 22% 13.3%

_/Energy and cost saving percentagesbased on the nx)stfavorablealternate.

_/Presentenergy costs have been escalatedto reflect 1980 electricalenergy cost increase, all other
energy cost (i.e. gas and coke) are based on 1979 rates.

NOTE: The reason for escalating the electrical energy cost is to show the enormous impact of the
"Time of Day" billing rate increase in 1980.

Also, percent savings for implementation of furnace controls and off-peak melting would have
been unrealistic when compared against the actual 1979 electrical costs incurred by each foundry.

TABLE ,5
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FOUNDRY"A"

PART A

GENERAL DESCRIPTION

The foundry produces jobbing type Ductile iron and Meehanite
casting, averaging 17 pounds each. Cope and drag green sand
molding systems and a no-bake line operates one shift per day.

Facilities

BuildingArea 90,000SquareFeet

ManningTotal - 139

AverageShipments 1,530 Tons/Year

AverageSales Volume $5.0 Million

AverageFoundryYield 39.3%

Melting Furnaces

Capacities: 2Cupolas, 42"diameterwatercooledwithapprx. 1%

02 enrichmentmelt at 4.5 tons/hr
1Coreless Induction furnace, 340 KW

3,000 pound capacity (600# charge)

Melting: 8 hours per day - 5 days per week
48 weeks per year

Equipment

Molding comprises 4 squeezer machines, 3 cope and drag units
and a no-bake mixer, 350 per minute capacity. Sand plant
mixing capacity is 3,000 pound batch muller with 100 ton stor-
age and distribution system. Core sand preparation is in 75
pound capacity batch mixers serving 5 Isocure machines. Two
shell core machines are available. The cleaning department
provides for cut-off by abrasive and gas torch methods. Heat
treat furnaces operate on 21-hour and 18-hour cycles. Air
compressors in three sizes operate up to 20 hours per day. No
propane or fuel oil is used in the process except for trucks.

NOTE: Above melting and heat treat operating characteristics are
based on calendar year 1979.
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PART B

ENERGY USE TABLES
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FOUNDRY "A"

ELECTRICAL POWER USAGE*

FUEL

BILLING POWER ENERGY ADJUSTMENT*DEMAND GROSS
BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY 74,560 N/A N/A N/A N/A M/A N/A 3,833.00
I ! I

FEBRUARY 78,720 3,835.00
I

MARCH 19,520 1,136.00
I

APRIL 62,080 3,025.00
i

MAY 58,880 2,892.00

JUNE 38,400 1,891.O0m
I

JULY 22,720 1,202.00
I

AUGUST 35,840 1,765.00
I

SEPTEMBER 23,680 1,219.00
i i

OCTOBER 26,560 1,365.00i
I

NOVEMBER 22,080 1,246.00
I

OECE,BER 49.920 2.590.00
' TOTALS 512,960 _ _ _ _ _ ¢ 25,999.00!
m

* GENERAL PLANT ELECTRIC POWER USAGE.

25,999
AVERAGE POWERCOSTS = _ = $O.051/KWH

TABLE ]
' I
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FOUNDRY "A"

ELECTRICAL POWERUSAGE*

FUEL
BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS

BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY 179,400 N/A N/A N N/A N/A N/A 7,531.00

7,045.00FEBRUARY 178,200 I

MARCH 90,600 I 4,135.00

APRIL 133,200 j 5,509.00

MAY 176,100 I 6,889.00

JUNE 173,700 I 6,893.00

m

JULY I19,100 I 5,125.00

AUGUST I67,400 I 6,658.00

SEPTEMBER 150,900 I 6,133.00

OCTOBER 153,300 I 6,432.00
m

NOVEMBER 148,200 I 6,446.00

DECEMBER 132,900 1 5,914.00TOTALS 1,803,000 i 74,710.00

* rIELT FURNACE ELECTRICAL POWER USAGE.

74,710 $ O.041/KWHAVEP_GE POWER COST = 1,803,000

COST SUMrIARY(PLANT & MELT FURNACE)

SERVICE KWH COST

FURNACE 1,803,000 74,710.00

GENERALPLANT 512,960 25,999.00

TOTALS 2,315,960 100,709.00

TABLE 1
A-4
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FOUNDRY "A"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

JANUARY 32,288 3,228.8 $ 8,609.00

FEBRUARY 31,672 3,167.2 8,445.00

_RCH 12,389 1,238.9 3,304.00

APRIL 27,027 2,702.7 7,206.00

MAY 24,784 2,478.4 6,608.00

JUNE 25,081 2,508.1 7,175.00

JULY 17,232 1,723.2 5,106.00

AUGUST 22,930 2,293.0 6,793.00

SEPTEMBER 16,508 1,650.8 4,891.00

OCTOBER 21,890 2,189.0 6,805.00

NOVEMBER 18,617 1,861.7 6,359.00

DECEMBER 20,306 2,030.6 7,049.00

TOTALS 270,724 27,072.4 $ 78,350.00

HEATCONTENTOF GAS = 1,000 BTU/CUFT (FROMBILL)

i00,000 BTU = 1 THERM

COSTOFGAS= 78,350 = $ 0.289 PERTHERM
270,724

TABLE 2
i I
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FOUNDRY "A"

ANNUAL COKE CONSUMPTION

PERIOD TONS BTUX 106 COST
(@ 12,500 BTU/LB)

JULY 13 325 $ 2,264.00

AUGUST 61.1 1,527.5 10,801.00
t

SEPTEMBER 64.4 1,610 10,888.00

OCTOBER 134.1 3,352.5 23,772.00

NOVEMBER 95 2,375 17,001.00

DECEMBER 177.8 4,445 30,656.00

JANUARY 169.4 4,235 31,367.00

FEBRUARY 105.4 2,635 19,429.00
I

i MARCH 56.1 1,402.5 10,801.00
APRIL 141 3,525 56,551.00

MAY 143.6 3,590 27,595.00

JUNE 122.74 3,068.5 23,762.00

TOTALS 1,283.64 32,091 $ 264,887.00

AVERAGECOSTPER TON = 264,887
1,283.64 = $ 206.35

TABLE 3
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FOUNDRY "A"

DESCRIPTION AND POWERUSAGE OF ELECTRICAL EQUIPIIEFIT

OPERATION

EQUIPMENT TYPE 'CAPACITY HRS/DAYDAYS/MO' H.P. KWM SERVICEMOLDING#] DEPARTMENT

CONVEYOR DELIVERY 5 i
i

CONVEYOR GOODMAN lO i

SHAKEOUT I0

CASTINGCONVEYOR 7.5

INCLINEDCONVEYOR 5

INCLINEDCONVEYOR 5

HOPPERCONVEYOR 5

DUSTCOLLECTOR 25

SPILLAGECONVEYOR i i5

SANDMILL 15

SAND#IILL 50

BUCKETCONVEYOR 7.5

MISCELLANEOUS 18

SUBTOTAL 168

MOLDING #2

i

CRANES 50

PREFIIX 8._

SHAKEOUT 20

!MISCELLANEOUS 5

SUBTOTAL 83.5

i I

TABLE 4
• I

A-7 SHEETIof3



TABLE4 (CONTINUED)

I

" I

OPERATION
EQUIPMENT TYPE CAPACITY HRS/DAY:DAYS/MO H.P. KWH SERVICE

, I

CORE ROOH

MYERSHOIST ROBBINS lO

I '

MIXERS 11

i

DELIVERYCONVEYOR 9

I

SANDMIXER 5

HOIST SHEPHERDNILES 5

I

MISCELLANEOUS II

L

•SUBTOTAL 51

L

CLEANING DEPARTMENT

K i

GRINDERS 50

I

TUMBLAST 25

I i

SWINGGRINDER 50

I

OVEN #1 10

I

; CUTOFF SAW 25

DUST COLLECTOR 15

J

CRANES 44

" J

CASTINGBURNER 5

I

CASTING FAN ]0

I
MISCELLANEOUS 15

I

SUBTOTAL 249

k

TABLF 4
A-,B SHEET 2 of 3
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TABLE 4 _CONTINUED)

i I

OPERATION

EQUIPMENT TYPE CAPACITY 'NRS/DAYIDAYS/MO'H.P. KW SERVICE
I a I I I I I { I

i

PATTERN SHOP

I _ I I [ I I I

TABLE SAW #'I 7.5

, , i : J , ! , ,

BAND SAW 5

i ; ! F ] I I I I
i

BAND SAW 5

I ; J i ] f I I I

MISCELLANEOUS 6

i I i i i I I i

SUBTOTAL 23.B

I ] _ ] I [ I i

MELTING DEPARTMENT
I

I i r I I I I I f

CUPOLJ_BLOWER 30 '

SMOG BLOWER ' 50

l I I I I i I I

INDUCTIONFURNACE i 3,000# 6 340
I

I l I I I I

MISCELLANEOUS ) 7 _

SUBTOTAL g3

i i i i i i i ]

GENERAL

I I l I I I I

COf'IP.#l i 125 "

i i i i i

COMP.#2,3AND4 220
I

i L ] I ] I i

_'.IISCELLANEOUS I I

J i i i i i

SUBTOTAL 356

i J ] i I i r

i

GRAND TOTAL i 'I,024 i 340i

' i I i I T , --i

i
I

TABLE 4 L
A-9 SHEET 3 of 3
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FOUNDRY "A"

DESCRIPTION AND FLOW RATES OF GAS-FIRED EQUIPMENT

BURNERS OPERATION
AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH

HEAT TREAT
I FURNACE#I CAR PREMIX 21 21 N/A 6,300

I

: HEATTREAT
FURNACE#2 CAR PREMIX 18 12 N/A 3,840

LADLE HEATERS(5) 5 - 3.5 21 N/A 1,000"

TAP HOLETORCH 1 ATMOS. 3 21 N/A 200*

CUPOLABEDIGNITER TORCH 2 21 N/A 200*

l

I
i
I

|

TOTALS

i

*ESTIMATED GAS USAGE.

TABLE 5
A-IO



FOUNDRY "A"

1979 ENERGY - EFFICIENCY RECORD

HONTH OR YEAR RECORDED 1979-1980

UNITSOFPRODUCTION 1,530
NET GOOD TDNS SHIPPED

FUEL COSTS

• Electricity $ 100,709.00

• Natural Gas 78,350.00

• Propane -'"

• Oil "'-

• Coke 264,887.00

• Other ---

TOTAL $ 443,946.00

ENERGY USED

• KWH 2,315,960 x 3,412 Btu = 7,902 Btu x lO6

• Mcf Gas 27,072 1J .. 27,072 Btu x 106

• Gal. Propane x 91,600 Btu = None

" Gal. Oil x 140,000 Btu = None

• Coke - lb. 2,567,280 x 12,500 Btu = 32,091 Btu x lO6

TOTAL BTU 67,065 Btu x 106

ENERGY USED PER UNIT OF PRODUCTION

Million Btu) 67,0_5 = 43.63 Btu x lO6/ton
Units) 1,530 tons

COST PER MILLION BTU

(Energy Cost) 443,946 = 6.62 Cost/Btu x 106
(Million Btu) 67,065

COST PER UNIT OF PRODUCTION

Total Cost) 443 946 $ 290.]6 Cost/ton
Units) 1,530 tons

_/ l Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 6
i i ii i
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FOUNDRY"A"

ENERGY- EFFICIENCYRECORD 2/ 3/

MONTH OR YEAR RECORDED 1980 Projected (Electriconly)

UNITS OF PRODUCTION 1_530

FUEL COSTS

• Electricity $ 123,105-2/

• NaturalGas 78_350.00

• Propane --

" Oil --

• Coke 264,887.00

• Other --

TOTAL $ 466,342

ENERGY USED

• KWH 2.315.960 x 3,412 Btu = 7,902 Btu x lO6

• Mcf Gas _7_072 _/ 27_072 Btu x lO6

• Gal.Propane x 91,600Btu = None

• Gal. Oil x 140,000 Btu = None

• Coke- lb. x 12,500Btu = 32,091Btux 106

• =

TOTALBTU 67,065 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

(Million BtuI 67,065 43.83 Btu x 106/Tons
(Units) 1,530

COST PER MILLION BTU

(EnergyCost) 466,342 = $ 6.95 Cost/Btu x lO6(MillionBtu) 67,065

COST PER UNIT OF PRODUCTION

Total CostI 466,342 $ 304.79 Cost/Unit
Units) 1,530Tons

_/ I Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2_/ The electricalcost shown represents 1980 calendar year costs and
are based on 1979 energy consumptionwith the new billingrates applied.
The projectede]ectrica]cost is used as a base for calculatingcost savings
by implementationof demand control.

3/ A11 other energy costs are 1979 rates.

TABLE 7
A-12
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i

ANNUAL PRODUCTION

FOUNDRYCODEA CASTINGMETALDI & GI

I

PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE

JANUARY 459.1 216.6 N,'A

FEBRUARY 285.6 142.3

MARCH 152.0 44.4

APRIL 382.1 147.8

MAY 389.2 163.1

JUNE 332.6 152.1 i

JULY N/A 99.5

AUGUST 154.1

SEPTEMBER 77.8

OCTOBER 141.7 l

NOVEMBER 82.7

DECEMBER I! 80.9 _r

TOTALS 3,890 1,530 $5,000,000
r

AVERAGEMELT TONS/DAY : 30.0

REPORTED% SCRAP CASTINGS 14.17

REPORTED% MELTLOSS 10.8

AVERAGEFOUNDRYYIELD % 39.3

AVERAGESALES VALUE/LB. $ 1.63

*Melting on alternate days only

TABLE 1
_ !
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OPERATIONAL DATA FACT SHEETS
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OPERATIONALDAT.AFACT SHEET

HEAT TREAT FURNACES

HEAT TREATING UNIT NO. l

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A MODEL N/A

SIZE I06" x Ill" x 18'-4" TYPE PREMIX SIZE 6.3 x 106 BTU/HR

CAPACITY N/A LBS. FUEL NATURALGAS

TYPE OF LINING CONVENTIONAL RECUPERATORMAKE NONE

WALL THICKNESS N/A INCH MODEL -- TEMP -- °F

BLOWER MAKE N/A TYPE "- SIZE -"

MODEL N/A CONTROLS MAKE --

SIZE -- CFM.PRESS-- "WG TYPE ""

VOLT -- HP --

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP 5.5 HRS FUEL/AIR RATIO N/A
LOW

- SOAK 6.5 HRS FLUE TEMPERATURE N/A °F N/A °F

-COOL DOWN 9 HRS SHELL MEAN TEMPERATURE N/A °F

CYCLESPER WEEK 5
FURNACE PRESSURE N/A "WC

TEMPERATURE 1,650° - 1,350°F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A % 02
BASKETS N/A LBS

N/A % CO2
STOOLS N/A LBS

LOW N/A % CO
LOAD DENSITY N/A LBS/WFT

N/A % 02
QUENCH --AIR, H20 --OIL

N/A % CO2
QUENCH TEMPERATURE -- OF

FUEL CONSUMPTION6,300CFH THE_.IS/CYCLE410

WALLAREA 878 SQ.FT.

WALL TENPERATUREHOT FACE Tl N/A oF

WALL TEMPERATURECOLD FACE T2 N/A oF

AMBIENT TEMPERATURE N/A °F

ENERGY COST/THERM $ 0.3

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE l
A-z_ SHEETl of 2
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TABLE 3 (CONTINUED)

HEAT TREATING UNIT NO. 2

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A MODEL N/A

SIZE 96" x 96" x 162" TYPE N/A SIZE N/A BTU/HR

CAPACITY N/A LBS. FUEL

TYPE OF LINING N/A RECUPERATORMAKE NONE

WALL THICKNESS N/A INCH MODEL -- TEMP -- °F

BLOWER MAKE N/A TYPE -- SIZE ""

MODEL N/A CONTROLS _KE --

SIZE -- CFM.PRESS ....WG TYPE --

VOLT -- HP --

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP7.75HRS FUEL/AIR RATIO N/A
HIGH LOW

- SOAK 6.75HRS FLUE TEMPERATURE N/A °F N/A °F

-COOL DOWN ]8 HRS
SHELLIIEAN TEMPERATURE N/A °F

CYCLESPER WEEK
FURNACE PRESSURE N/A "WC

TEMPERATURE 1,650 °F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A % 02BASKETS N/A LBS

N/A % CO2
STOOLS N/A LBS

LOW N/A % CO
LOAD DENSITY N/A LBS/WFT

N/A % 02
QUENCH --AIR, H20 -- OIL

N/A % CO2
QUENCH TEMPERATURE -- °F

FUEL CONSUMPTION3,840CFH THE_4S/CYCLE 387

WALL AREA SQ.FT.

WALL TEMPERATUREHOT FACE Tl N/A °F

WALL TEMPERATURECOLD FACE T2 N/A °F

AMBIENT TEMPERATURE N/A °F

ENERGY COST/THERM $ 0.3

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE 1
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

LADLECAPTONS N/A HEATCYCLES/DAY N/A

LADLEAREAINSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED No TYPE OF LINING N/A

INSIDE TEMP N/A OF OUTERSHELLTEMP N/A OF

AMBIENTTEMP OF

GASUSAGE/HR 200 CU FT° CO2 READING N/A

COMBUSTIONAIR N/A C_ PRESSURE N/A WG

PREHEATCYCLETIME HRS FLUETEMP N/A OF

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUELCOST/THERM$ 0.3 ANNUALUSE 840 BTU x 106

NUMBEROF UNITS IN USE Average of 51_/

I__/ Used 3.5 hours per day - 240 days per year.

TABLE 2
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OPERATIONAL DATA FACT SHEET

CUPOLADATA (TWO UNITS)

CUPOLADIA SHELL 42 INS REFRACTORYTHICKNESS N/A

LINING None INS WATERCOOLINGGPM N/A

HEIGHTOF TUYERESABOVEHEARTH N/A INS

LAUNDERLENGTH N/A WIDTH N/A

METALTOCOKERATIO 5.3:1 BEDCOKE 5,600 LBS

MELT RATE 4.2 TPH COKEADDITION/HR 1,590 LBS

BLASTRATE N/A CFMPRESSURE N/A ONZ

NUMBEROF ROWSOF TUYERES 6 SPACING N/A

COOLINGWATERUSAGE 204,000 GALLONSGPM TI - T2 60 OF

FANHP 30 MISC,HP 50

HOTBLASTTEMP None OF RECUPERATORCAP None BTU/HR

AFTERBURNERRATINGBTU/HR None

OXYGENENRICHMENTPERCENTADDITION One %

MELTINGPERIOD; BLASTON 5.718]-/ BLASTOFF Not Applicable

COKEBREEZEADDITION,PERCENTOF COKE None %

ANTHRACITEADDITION,PERCENTOF COKE None %

1__/ Average figure.

TABLE 3
A-z8
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this study, certain input data is a
prerequisite in calculating potential energy savings from differ-
ent foundry processes. The lack of information pertaining to
combustion air analysis and gas flow rates to various equipment
precludes calculation of actual energy savings as illustrated in
SECTION II of this study.

Potential energy savings for upgrading gas-fired equipment
will be figured on a percentage basis; percentages used are con-
serva_ive as compared to documented savings, from similar chang-
es, as recorded by the Foundry Industry.

Electrical energy savings are factual. Calculations are
based on actual kilowatts consumed by melt furnaces. Load pro-
files were developed from utility company computerized data for
15- to 30-minute periods.

4
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ELECTRICAL ENERGY COST SAVINGS

Electrical power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work
sheets.

Based on a sample billing period of one year. The cost reduction po-
tential is:

1. Demand Control

Total

Normalmelting demand cost_/ $11,885

Demand limitedcost_/ 8_390

Savings $3,495/yr

Percent savings = reduction in cost = 29.4%

normal demand cost of melting

For graphic illustration of methodology used in calculating
electrical savings see Figure i.

_/ See TABLE 1
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DEMAND CONTROLLING

The following approximate cost savings can be realized by the

installation of demand limiting controls. Controlling the Peak

Kilowatt demand to 350 kilowatts.

Potential Cost Savings : $ 130 per month

Annual Cost Savings = $ 1,670

For graphic illustration of methodology used for calculating

cost saving see Figure I.

r-- Maximum Demand Peaks
Controlled By Power I

7o | DemandController

50

] I o
.._ e--_ 40 e-

_E 12,

ro

zo

10

12am 4:00 8:00 NOON 4:00 8:00 12am 4:00 8:00 NOON 4:00 8:00

FIGURE 1. KILOWATT DEMAND LOAD PROFILE INDUSTRIAL BILLING RATE

FIGURE I
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DEMAND CONTRpLLING

NORMAL MELTING COST DEMAND CONTROLLINGCOST
I

Kilowatt Demand Kilowatt Demand
Month Demand Charge Demand Charge Savings %

Jan. 512 $994.24 350 $699.4 $294 29.6
I

Feb.I 513 996.06 296 29.7
J

March:499 I 970.58 i 271 27.9
r

i t

Aprili 505 98!.50 ,i 282 28.7t

May 1 511 992.42 f 293 29.5
I

Junei 518 L,005.16 l 306 30.4l
I i

July! 508 986.96 288 29.2

Aug. 503 977.86 278 28.5

Sept. 500 990.60 291 29.4

Oct. 514 997.88 i I 298 29.9

Nov. 513 996.06 I 297 29.8
|

Dec 513 996.06 I _ 297 29.8
"$'Tr,885 $8,390 3,495

Potential yearly saving (average) = 29.4%
Based on a maximum demand of 350 kw.

TABLE ]
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Upgrading Heat Treat Furnaces

Amount of total gas consumed : 270,724 therms/yr

Totalnaturalgascost = $ 78,350.00

Averagecostpertherm = $ 0.289

Maximum gas usage per hour:

HeatThreatFurnace#1 = 6,300cu.ft.

HeatThreatFurnace#2 = 3,840cu.ft.

Total = lO,140cu.ft.

Averageheat-uptime(Total) = 13.25hours

Averageholding time (Total) : 13.25 hours

Totalcyclesperyear = 150

Assume yearly gas consumption attributed to heat treat operations

is 80% of total plant gas input or (270,724x 0.8) 216,000therms/yr.

Approximately 56% energy savings can be realized by:

• Installing ceramic fiber linings - 12-inch thick

• Upgrading burner system and controls

• Adding combustion air preheating

Energy saved = 216,000 thermsx 0.56 = 120,960 therms/yr

Cost Savings = 120,960 thermsx 0.289 = $ 34,957.00



Upgrading Ladle Heaters

Quantityof ladle heatersused at one time = 5

Hours of operationper year = 882 hrs/yr

Assumed averagegas consumption = l,O00 cu.ft./hr

Total gas used per year:

(l,O00cu.ft./hrx 882 hrs) = 882,000 cu.ft./yr.

OR 8,820therms

Approximately40% energysavingscan be realizedby:

• Upgrading lining

" Installing ladle covers

" Upgrading burner system

Energy saved : 8,820 therms x 0.4 : 3,528 therms

Cost savings = 3,528 therms x 0.289 : $ 1,020.00

K & G
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UPGRADING CUPOLA OPERATION

Amountof coke consumed = 1,283.64Tons

Totalcostof coke : $264,887.00

Averagecost per ton = $206.35

Cupola size (diameter = 42"

Cupola melt rate Ton_/Hour = 4.2

Total tons melted/Year = 3,500 Tons

Metal to coke ratio (charged) = 5.3:1

Specialconditions- 02% 1.0

Energy (coke} savings can be realized by:

• Hot blast conditioning 22.8%
• Divided blast supply 26.2%

49.0% I
!

Energy savings (charged coke only) :

3,000 melt tons x 0.49 = 277 tons
(5.3:1) coke usage/ton

Cost savings = 277 tons x $206.35 - $57,160/year

CONVERT TO ELECTRIC MELTING

Replacement of cupola melting with electric furnace melting in-

volves consideration of multiple variables which occur in foundry

operation. An in depth analysis is necessary to carry out a com-

plete analysis and is not covered in this report.

K•G A-25 []
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PART F

ECONOMIC ANALYSIS

Payback period is calculated as follows:

Total Capital Investment = Years
Gross Energy Cost Reductions/Year

Payback years for individual projects are listed in PART G based
on order of magnitude costs as follows:

• DemandController $ 4,000

• UpgradingHeat Treat Furnaces 80,000

• UpgradeLadleHeaters 12,000

• UpgradingCupola 250,000
TOTAL $346,000

The following conditions could lower the anticipated payback period con-
siderably:

• Present day equipment costs used. However, the energy cost sav-
ings is based on 1979 calendar year average energy cost, except
for electrical energy which is escalated to show approximate 1980
costs.

• No credit taken for government tax credit for installation of
energy-saving devices.

• Calculation of return on investment utilizing life-cycle testing
methods, which take into account depreciation, cost of money, and
escalation of energy cost over the lifetime of the equipment,
could possibly make the capital investment attractive.

K a G A-2_)
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PART G

SUMMARY OF ENERGY REDUCTION

SUMMARY TABULATION

ENERGY COST CAPITAL PAYBACK
ITEM SAVED SAVINGS INVESTMENTPERIOD

BTUx 106 $
i I I I

Power factor correction

Demandcontrollers NONE $3,495 $ 4,000 1.14

Off-peak melting

Load shifting

Upgrading heat treat
furnaces 12,096 34,957 80,000 2.3

Upgrading ladle heaters 352 1,020 12,000 11.8

Upgradingcupola furnaces 6,925 57,160 250,000 4.4

I I I I

TOTAL , 19,373I 96'632i.346,000 i 3.58

Total Btu reduction/tonof castingsshipped

= 19,373 x 106 = 12.66 x 106 BTU
1,530



FOUNDRY "A"

PROJECTED ENERGY-EFFICIENCY RECORD

_IONTHOR YEAR RECORDED 1979/80Calendar Year

UNITS OF PRODUCTION 1,530

FUEL COSTS Net good tons shipped

• Electricity $ 119,610-_2/

• NaturalGas 43,373

• Propane --

• Oil --

• Coke 207_727

• Other --

TOTAL $ 369,710

ENERGY USED

• KWH 23,159.60 x 3,412Btu = 7,902 Btux lO6

• Mcf Gas 14,624 x I_/ 14,624 Btu x 106

• Gal. Propane x 91,600 Btu = --

• Ga].Oil x 140,000Btu --

• Coke - lb. 2,013,280 x 12,500 Btu 25,166 Btu x 106

• =

TOTALBTU 47,692 Btux 106

ErIERGY USED PER UNIT OF PRODUCTION

Million Btu) 47,692 31.17 Btu x 106
Units) 1,530 Tons

COST PER MILLION BTU

(EnergyCost) 369,710
= $ 7.75 Cost/Btu x lO6

(Million Btu) 47,682

COST PER UNIT OF PRODUCTION

ITotal " 241.6 Cost/Unit
Cost) 36%710 $

Units} 1,530Tons "'

l_/ I Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

_/ Electricalcost based on 1980 bil|ingrates

ALTERNATE 1
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PART A

GeneralDescription

Gray and ductile iron castings, average weight 8 pounds.

Green sand production operating two shifts per day, 5 days

per week.

Facilities

BuildingArea 80,000squarefeet

ManningTotal 205 (twoshifts)

Average Shipments 6,405 net tons/year

AnnualSales $11.0Million

Average FoundryYield 60%

MELT FURNACES

Capacities - 2 Channel Induction 1,050 kW

20 tons capacityeach - 2 tons/hour

Note - I inductor change at 6 week intervals (power off

3 - 4 days)

EQUIPMENT

2 Jolt-Squeeze 24" x 24" Molding machines

6 Squeezemoldingmachines

1 Automatic MP molding machine

Sand system with 44 tph capacity mullers. Core make equipment

for shell,no-bake,gas cure and oii sandmethods. Castings clean

ing departmentoperates3 shifts per day and heat treatmentequip-

ment operates 3 shifts, 7 days per week.

Z_KaG B-2 []
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FOUNDRY "B"

ELECTRICAL POWERUSAGE**

I FUELBILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS

BILLINGPERIOD IENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY1979 i ],039,200 2,346 96% 10,469 19,273 5,571 35,313 $ 35,313.00

FEBRUARY1979 ],164,600 2,313 96 11,476 19,468 5,441 36,385 36,385.00

MARCH1979 1,085,400 2,364 97 10,893 17,517 5,549 33,959 33,959.00

APRIL1979 ],Q24,200 2,379 98 10,413 16,530 5,581 32,524 32,524.00

MAY 1979 1,089,400 2,379 98 10,914 16,909 5,58] 33,404 33,404.00

JUNE1979 975,000 2,361 98 lO,Oll 16,]89 5,543 3],743 31,743.00

JULY1979 1,001,400 2,346 98 10,202 16,633 5,511 32,346 i 32,346.00

AUGUST1979 679,200 2,346 98 7,637 11,281 5,511 24,429 24,429.00

SEPTEMBER1979 1,032,000 2,346 97 10,453 ]7,141 5,505 33,099 33,099.00

OCTOBER 1979 993,600 2,352 97 27,431_/ N/A 5,524 32,955 32,955.00

NOVEMBER1979 975,600 2,373 96 10,059 ]8,516 5,568 34,143 I 34,143.00

DECEMBER 1979 948,000 2,3]3 96 32,190 N/A M/A 32,]90 i 32_190.00

TOTALS 12,00-6,600 162,148 169,457 60,885 392,490 5392,490.00

* INCLUDES STATE TAX.

** 440 VOLT SERVICE - AI3 RATE.

l._/INCLUDES FUEL SERVICECHARGE.

POWER COST = _ $O.032/KWH

TABLE 1
B-3 Sheet1 of 3
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FOUNDRY"B" '-i

ELECTRICAL POWERUSAGE**

FUEL I

,-,_ BILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS
BILLING P_'R_OD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY1979 I04,640 221 1,510 2,010 530 4,050 $ 4,050.00

FEBRUARY1979 124,320 276 l,781 2,077 583 4,441 4,441.00

MARCH1979 127,200 274 l,816 2,054 579 4,449 4,449.00

APRIL1979 I13,280 271 l,635 I,828 573 4,036 4,036.00

MAY 1979 ]08,960 266 3,3571--/ N/A 563 3,92u _,920.0_

JUNE 1979 110,880 269 3,44_I/ N/A 569 4,013 4,013.00

JULY1979 I05,600 259 1,523 ],754 548 3,826 3,825.00

AUGUST1979 87,360 259 1,293 1,451 548 3,292 3,292.00

SEPTEMBER1979 Ill,840 250 1,602 1,857 630 3,989 3,989.00

OCTOBER 1979 I04,160 250 3,3641-/ N/A 530 3,894 3,894.00

NOVEMBER 1979 99,360 250 1,442 1,885 530 3,887 :_,857.00

DECEMBER 1979 I02,720 262 l,493 1,949 554 3,996 3,996.00

TOTALS l,300,320 24,260 16,865 6,637 47,762 $47,76Z.OU ir

* INCLUDES STATE TAX.

** 220 VOLT SERVICE - Al2 RATE.

IJ INCLUDES FUEL SERVICE CHARGE.

47.762
POWERCOST : _ : $O.036/KWH

TABLE 1 .::
g-4 Sheet2of3
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FOUNDRY"B"

ELECTRICAL POWER USAGE**

FUEL
BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS

BILLING PERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY1979 50,880 N/A N/A N/A N/A N/A $ 1,945.00
I.

FEBRUARY1979 49,120 N/A N/A N/A N/A N/A 1,771.00'

MARCH 1979 48,480 N/A N/A N/A N/A N/A 1,713.00

APRIL 1979 43,200 N/A N/A N/A N/A N/A 1,565.001

MAY 1979 46,880 N/A N/A N/A N/A N/A 1,676.00

JUNE 1979 45,440 N/A N/A N/A N/A N/A 1,649.00_

JULY 1979 46,080 N/A N/A N/A N/A N/A 1,670.00

AUGUST 1979 27,840 N/A N/A N/A N/A N/A 1,122.00

SEPTEMBER 1979 49,920 N/A N/A N/A N/A N/A 1,789.00

OCTOBER 1979 43,680 106 N/A N/A N/A N/A 1,646.00

NOVEMBER 1979 38,560 108 N/A N/A N/A N/A 1,537.00

DECEMBER 1979 34,880 IO8 N/A N/A N/A N/A I_420.00

TOTALS 524,960 - $19,503.00

* 440 VOLT SERVICE - Al2 RATE (CORE DEPARTMENT) 98.5 CONN HP

COST SUMMARY (ALL SERVICES

SERVICE KWH COST

440 VOLT - A13 PJ_TE 12,006,600 $ 392,490

440 VOLT- Al2 RATE 524,960 19,503

220 VOLT- AI2 RATE 1,300,320 47,762

TOTALS 13,831,880 459,755

459,755 _O.033/KWH
AVERAGE POWER COST = TT,831,880

TABLE 1
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FOUNDRY "B"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

JANUARY1979 20,814 2,081.4 $ 5,260.00

FEBRUARY1979 20,337 2,033.7 5,140.00

MARCH1979 19,766 1,976.6 4,995.00

APRIL1979 16,577 1,657.7 4,190.00

MAY1979 16,525 1,652.5 3,166.00

JUNE1979 9,007 900.7 2,355.00

JULY1979 11,407 1,140.7 3,203.00

AUGUST1979 9,296 929.6 2,649.00

SEPTEMBER1979 17,856 1,785.6 5,014.00

OCTOBER1979 16,166 1,616.6 4,540.00

NOVEMBER1979 15,571 1,557.] 5,021.00

DECEMBER1979 16,060 1,606.0 5,199.00

TOTALS 189,382 18,938.2 $ 50,732.00

HEATCONTENTOF GAS = BTU/CUFT (FROMBILL)

100,000 BTU = 1 THERM

COSTOFGAS= 50,732 : $ 0.267 PERTHERM
189,382

ANTICIPATED 1980 RATE INCREASE : 27%

TABLE 2
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FOUNDRY "B"

DESCRIPTION AND POWER USAGE OF ELECTRICAL EQUIPMENT

' !OPERATION I
EQUIPMENT tYPE CAPACITY NRS/DAY DAYS/MO H.P. KWH SERVICE

SEE LOAD
FURNACE #1 INDUCTION 20 tons PROF[LE I.]OC1 440V - A13

SEE _OAD
FURNACE #2 INDUCTION 20 tons PROF[LE 1,I00 440V - A13

AIR COMPRESSOR#1 SULLAIR N/A N/A 75 440V - Al3

AIR COMPRESSOR#2 SULLAIR N/A N/A 75 440V - AI3

SAND MULLER #] - N/A N/A 60 440V - AI3

I J I r I l I I
SAND MULLER #2 - N/A N/A 50 _ 440V - A13

l l J i J t i ii
SUBTOTAL 260 2,20C

I' I i [ [ J I I i
CORE DEPARTMENT

I ] ! i i I _ I !
i

AIR COMPRESSOR #3 N/A N/A 75 440V .-Al2

i I r J II I r I
WATER PUMP , N/A N/A 2

i ] I [ I I r i
EXHAUSTBLOWER N/A N/A 5

i i I I I I I I
i

HEATERS (3) CONVER N/A N/A 75

I I I I ] ] I I i

WELDER #I N/A N/A 25 i

i _L L ! , , I I i
AIR COMPRESSOR #4 SULI_AIR N/A N/A 75

I I I r [ I I I I

WELDER #2 G.E. N/A N/A 25

! ] J I I I I I

MISCELLANEOUS N/A N/A I 52

j I I I I i i I

SUBTOTAL 334 I

p I [ I I r I I

FOUNDRY BUILDING

L { I l I { I I

SHAKER CONVEYER (3)' N/A N/A 30

I I ; I ] I I !
SHAKEOUT N/A N/A

r

TABLE 3
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FOUNDRY "B"

DESCRIPTION AND POWERUSAGE OF ELECTRICAL EQUIPMENT

OPERAT[ON
EQUIPMENT TYPE CAPACITY HRS/DAY DA_S/MG H.P. KWH SERVICE

AE_TORS (2) N/A NJA _0
I

HUMTERPUMP I0

COMPRESSOR(2) BO

DUSTCONTROLUNITS TO

SHOT WHEEL 30

BAGHOUSE _5

CUTOFFWHEEL ]5

WELDERS(3) @0

MISCELLANEOUS _$,1

SUBTOTAL _31

SU_U_ARY

FURNACES 250 2,200

COREDEPARTMENT 334

MAINBUILDING 431

TOTAL I,_252,200

TABLE 3
B-8 Sheet2 of2
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FOUNDRY "B"

DESCRIPTION AND FLOW RATES OF GAS FIRED EQUIPMENT

BURNERS OPERATION
AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE MRS/DAY DAYS/NO CFM CFH
J

HEATTREAT - (TOBERETIRED) ]:FURNACE#I N/A N/A

HEAT TREAT NEW 24 26 N/A N/A
FURNACE #2

LADLEHEATING4 4 3 21 250*

' ' I

J

i

I

TOTALS N/A N/A

I

*Estimated

TABLE 4 ,'B-9



FOUNDRY "B"

1979 ENERGY-EFFICIENCY RECORD

_IONTNORYEARRECORDED 1979

UNITSOFPRODUCTION 6,407TONS
NET GOOD CASTINGS

FUEL COSTS

• Electricity $ 459,755.00

NaturalGas 50,732.00

• Propane NONE

• Oil NONE

• Coke NONE

• Other NONE

TOTAL $ 510,487.00

ENERGY USED

• KWH ]3,831,880 × 3,412 Btu 47,194 Btu x lO6

• Mcf Gas 18,938 x l,O00,OOO l_/ 18,938 Btu x IO6

" Gal.Propane x 91,600Btu = "-

• Gal. Oil x 140,000Btu --

• Coke - lb. x 12,500 Btu "-

TOTALBTU 66,132 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

_illion Btu) 66,132 I0.321 Btu x I06/ton
(Units) 6,407(tons)

COST PER MILLION BTU

(EnergyCost) 510,487.00 : $ 7.72 Cost/Btu x 106
(MillionBtu) 66,13Z.UU

COST PER UNIT OF PRODUCTION

_Total Cost) 510,487 : $ 79.67 Cost/ton
(Units) 6,407tons

I_/ 1Mcf : 1,000 cu.ft./hr - See Gas Bill for Btu content/ou.ft.

TABLE 5
B-IO
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FOUNDRY "B"

ENERGY-EFFICIENCYRECOR[_2/_/

MONTHOR YEARRECORDED 1980PROJECTED(ELECTRICITYONLY)

UNITSOFPRODUCTION 6,407TONSNETGOODCASTINGS

FUEL COSTS

• Electricity $ 839,557.00

• NaturalGas 50,732.00

• Propane NONE

• Oil NONE

• Coke NONE

• Other NONE

TOTAL $ 890,289.00

E_ERGY USED

• KWH 13,831,880 x 3,412Btu 47,I94 Btux lO6

• Mcf Gas x IJ 18,938 Btu x lO6

• Ga_.Propane x 91,600Btu ""

• Gal.Oil x 140,000Btu = --

• Coke- lb. x 12,500Btu = --

TOTALBTU 66,132 Btux ]06

ENERGY USED PER UNIT OF PRODUCTION

(MillionBtu) 66,132 I0,321 Btux lO6
(Units) 6,407TONS

COST PER HILLION BTU

(EnergyCost) 890,289 $ 13.46 Cost/Btu x lO6(Million _tu) 66,]32

COST PER UNIT OF PRODUCTION

(Total Cost) 890,289 $
= 138.90 Cost/Unit(Units) 6,407

l/ I Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2_/ The electricalcost shown represents]980 calendar year costs and are based on 1979 energy
consumption with "Time of Day" billing rates applied. The projected electrical cost is
used as a base for c_]culatingcost savingsby implementationof "Off-Peak"melting and
demand control.

3/ All other energy costs are ]979 rates.

TABLE 6
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PART "C" PRODUCTION STATISTICS

i _NUALPRODUCTIOM

FOUNDRYCODEB CASTINGMETAL G & D.I.

PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE

JANUARY 554

FEBRUARY 622

MARCH 580

APRIL 547

MAY 580

JUNE 520

JULY 535

AUGUST 363 i

SEPTEMBER 550

OCTOBER 530

NOVEMBER 520 !
d

DECEMBER 506

i

TOTALS
i 10,700 6,407 $II,000,000

AVERAGEMELTTONS/DAY:

REPORTED% SCRAP

REPORTED% MELT LOSS

AVERAGEFOUNDRYYIELD % 60.0
i

SALESVALUE/LB.

TABLE I
i
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OPERATIONAL DATA FACT SHEET

HEAT TREAT FURNACE

_(OTE: This heat treat furnacehas since been replacedby new furnace.

HEAT TREATING UNIT NO. (Old Furnace)

FURNACEMAKE N/A BURNER MAKE i(/A

MODEL N/A MODEL

SIZE N/A WFT. TYPE Premix SIZE N/A BTU/HR

CAPACITY 16,000 LBS. FUEL NaturalGas

TYPE OF LINING N/A RECUPERATORMAKE None

WALL THICKNESS N/A INCH MODEL TEMP °F

BLOWER MAKE N/A TYPE SIZE

MODEL N/A CONTROLS F_KE

SIZE CFM.PRESS "WG TYPE

VOLT HP

TYPEOF HEATTREATCYCLE 16.5Hr.Cycle ALLOY Ductile

HEAT TREAT CYCLE - HEATUP HRS FUEL/AIR RATIO N/A i
HIGH LOW

- SOAK HRS FLUE TEMPERATURE N/A °F N/A °F

-COOLDOWN HRS SHELLIIEANTEMPERATURE °F

CYCLES PER WEEK 10
FURNACE PRESSURE N/A "WC

TEMPERATURE 1,700 °F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A % 02
BASKETS N/A LBS

N/A % CO2
STOOLS N/A LBS

LOW N/A % CO
LOAD DENSITY N/A LBS/WFT

N/A % 02
QUENCH AIR, H20 OIL

N/A % CO2
QUENCHTEMPERATURE °F

FUEL CONSUMPTION THE_4S/CYCLE

WALL AREA N/A SQ.FT.

WALL TEMPERATUREHOT FACE Tl N/A °F

WALL TEMPERATURECOLD FACE T2 N/A °F

AMBIENT TEMPERATURE N/A °F

EXTERNALSURFACE AREA N/A SQ.FT.

ENERGY COST/THERM $ 0.274

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE 1
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OPERATIONAL DATA FACT SHEET

HEAT TREAT FURNACE

HEAT TREATING UNIT NO. (New Installation 1980)

FURNACEMAKE N/A BURNER MAKE N/A

MODEL Car Bottom MODEL N/A

SIZE 12'W. x 11'H. x 22'L. WFT TYPE Nozzle SIZE N/A BTU/HR

CAPACITY 24,000 LBS. FUEL _aturalGas

TYPEOF LINING PyroBrick RECUPERATORMAKE i_one

WALL THICKNESS 6" INCH MODEL TEMP °F

BLOWER MAKE N/A TYPE SIZE

MODEL N/A CONTROLS _KE

SIZE CFM.PRESS "WG TYPE

VOLT HP

TYPE OF HEATTREATCYCLE i Cycleper Day ALLOY Ductile

HEAT TREAT CYCLE - HEATUP 2 HRS FUEL/AIR RATIO
HIGH LOW

- SOAK 6 HRS FLUE TEMPERATURE N/A °F °F

-COOL DOWN 9 HRS
SHELL :IEANTEMPERATURE N/A °F

CYCLESPER WEEK 5
FURNACE PRESSURE i_/A "WC

TEMPERATURE 1,700 °F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A % 02
BASKETS _|/A LBS

N/A % CO2STOOLS N/A LBS
LOW N/A % CO

LOAD DENSITY N/A LBS/WFT

4_/A% 02
QUENCH AIR, H20 OIL

_/A % CO2
QUENCHTEMPERATURE °F

FUEL CONSUMPTION THE_S/CYCLE 350

WALL AREA N/A SQ.FT.

WALL TEMPERATUREHOT FACE T] N/A °F

WALL TEtIPERATURECOLD FACE T2 N/A °F

AMBIENT TEMPERATURE N/A oF

EXTERNAL SURFACEAREA N/A SQ.FT.

ENERGYCOST/THERM $ 0.274

HEATTREATLOADS/DAY One

HEAT TREATLOADS/YEAR 240

TABLE ]
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

LADLE CAP TONS N/A HEAT CYCLES/DAY 3

LADLE AREA INSIDE N/A SQ FT, LINING THICKNESS N/A

COVERED No TYPE OF LINING N/A

INSIDETEMP N/A OF OUTER SHELL TEMP N/A °F

AMBIENTTEMP Approximately90°Fto 70°F OF

GAS USAGE/HR 250 CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A °F

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUEL COST/THERM$ 0.274 ANNUAL USE 720 BTU x lO6

NUMBER OF UNITS IN USE Four

NOTE: Burnersare homemadewith fixed air/fuel ratio fed from a 3/4"

gas line.

TABLE 2
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OPERATIONAL DATA FACT SHEET

CHANNEL INDUCTION FURNACE
(2 Units)

Furnace make N/A Transformer KVA 1,050

Model - Primary Voltage N/A_.

Capacity 20 tons Secondary Voltage N/A

Output 10,700 tons/yr.

2 tons/Hour

Alloy Grey Iron

Melt cycle N/A minutes

Tap Quantit_ N/A minutes

ChangeQuantity. N/A Lbs.

Tap temperature N/A OF

HoldingTemperature N/A oF
J

Slag cycle N/A minutes !

Fume collection N/A CFM

Water cooling_/AGPM, Temp...._...in OF....._Z_....Out OF

Type of Refractory N/A

Energy consumption N/A KWH/YR

Energy Cost 3.7 g/KW

1
t

I

J
J

B_17 TABLE 3



T

PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this Study, certain input data is a pre-

requisite in calculating potential energy savings from different

foundry processes. The lack of information pertaining to combustion

air analysis and gas flow rates to various equipment precludes calcu-

lation of actual energy savings as illustrated in SECTION II of this

Study.

Potential energy savings for upgrading gas-fired equipment will be

figured on a percentage basis; percentages used are conservative as

compared to documented savings, from similar changes, as recorded by

the Foundry Industry.

Electrical energy savings are factual. Calculations are based on

actual kilowatts consumed by melt furnaces. Load profiles were de-

veloped from utility company computerized data for 15 to 30 minute

periods.

Z K a,G B-18 []
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UPGRADING HEAT TREAT FURNACE

Annual Gas Consumption(Total) : 185,382Therms/Yr.

AnnualGas Cost(Total) = $50,732

AverageGas Cost per Therm = $0.267

Annual Energy Used for Heat

Treating- Assume (185,382x .8) = 148,306Therms/Yr.

The above gas consumption figures are based on calendar year 1979

production at which time the old heat treat furnace was fully opera-

tional. The new furnace is equipped with ceramic liner and a high

efficiency burner system. If combustion air preheating is added, the

overall energy savings over the 1979 figure should be:

r.

148,306Therms/Yearx 0.56IcreaseinEfficiency= 83,051Therms/Yr.

Cost Savings (83,051Therms/Yr.x 0.267) = $22_174.00

The above savings are based on no change in material though put

over the 1979 figures.

Without combustion air preheating, the anticipated energy savings

over the 1979 figure would be:

148,306Therms/yr.x 0.33 IncreaseinEfficiency= 48,941Therms/yr.

Cost Savings (48,941Therms/Yr.x 0.267) = $13,067.00

Z_KaG B-19 []



Therefore, additional cost savings by installing recuperator sys-

tem for combustion air preheating would be:

(22,174 - 13,067) = 9,107 per year

UPGRADING LADLE PREHEATER

Gas consumptionper Ladle Heater = 250 CFH

No. of Ladle Heaters Operating at One Time = 4 Units

TotalGasConsumption = 1,000CFH

OperatingHours 3Hrs/Day - 240 Days/Yr. = 720 Hrs/Yr.

Annual Gas Consumption(720 x 1,000) = 7,200 Therms/Yr.

Potential energy savings will be approximately 40% by performing

the following changes:

• Installing covers.

• installing high efficiency burner sytem.

• Installing fiber linings.

Therefore: Energy Savings (7,200x .4) = 2,880 Therms/Yr.

Cost Savings (2,880 x 0.267) = $769.00 per Yr.
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ELECTRICAL ENERGY COST SAVINGS.

Electrical power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work
sheets.

Percentage of total energy usage by electrical load:

Electrical Energy 47,194 x lO6= = x lO0 = 71.0%
Total Energy 66,132 x IO6

_/Meltingenergy usage at 69% = 13,831,880x 69%
= 9,544,000 KWH

Based on a sample billing period of one month each at summer and
winter rate schedules, the cost reduction potential is:

I. Demand Control

Summer Winter Total

Normalmelting cost_2/ $32,237 $36,870 $69,I07

Demand limitedcosi_3/ 31,402 36,578 67,980

Reduction $1,127

1,127
Percentsavings = _ = 1.6%

Therefore, Annual savings

= I_eltKWH x Avg. cost/KWH* x Percentsavings

= 9,544,000 x 0.06 x 0.016 = $9,160 per year

For graphic illustration of methodology used in calculating elec-
trical savings see Figures l and 2.

2. Off-Peak Meltin 9
Summer Winter Total

Normal melting cost_/ $32,237 $36,870 $69,107

Off-peakmelting cosL4/ 26,455 34,474 60,929

Total $8,178

8,178
Percentsavings = _ : II.8%

Therefore, Annual savings

= Melt. KWH x Avg. cost/KWH*x Percentsavings

= 9,544,000x 0.06 x O.ll8 = $67,570per year
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For graphic illustration of methodology used in the calculation of
electrical savings see Figures I and 4.

I_/ Work sheet Table I.

2_/ Work sheet Table 2.

3_/ Work sheet Table 3.

4_/ Work sheet Table 4.

*NOTE: 1980 energy costs used.
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TOTAL MELTING ENERGY (Use actual metered consumption if available
or estimate as follows:}

Annual tons shipped = Total tons melted per year
Overall Foundry yield %

Total tons melted X average kWh/ton = Total energy

Example:

Annualtons shipped = 6,405 : I0,675
Foundryyield% 0.6

Therefore,Tons melted/yearX kWh/ton* = I0,605 x 900

= 9,544,000 KWH

Percent melting energy of total electrical usage

9,607,500
= = 69%

13,831,880

*Note: kWh/tondeterminedfrom actual melt cycle or use industry
average for type of furnace and metal melted.

i

TABLE ]
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FOUNDRY "B"

SUMMERNORMALMETLING (69% OF TOTAL)

DemandCharges:

"On-peak" per kilowatt of maximum demand

Total on-peak 1,579 kWat $ 2.50 $ 3,948

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,571 kWat $0.30 $ 471

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,565 kWat No Charge $ 0

Subtotal $ 4,419

Eneegy Charge:

"On-pe_k" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatthours I13,608 x ¢O.022/kWh $ 2,499

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to I0:30 pm .8hrs/day

Total kilowatthours 167,275 x ¢O.Ol9/kWh $ 3,178

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am IO hrs/day

Total kilowatthours 211,924 x ¢O.OlO/kWh $ 2,119

Subtotal $ 7,796

Fuel Adjustment Charges:

Total kilowatthours : 492,807 x ¢ 0.04063 $ 20,022

GRAND TOTAL for demand, energy and fuel adjustment charges $ 32,237

TABLE 2
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FOUNDRY "B"

WINTER NORMAL MELTING
(69% OF TOTAL ELECTRIC ENERGY)

Demand CharQes:

"On-peak" per kilowatt of maximum demand

Total on-peak 1,555 kWat $0.75 $ 1,166

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,624 kWat $0.25 $ 406

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,638 kW at No Charge $ 0

Subtotal $ 1,572

Energy Charge:

"On-pe_k" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 91,448 x ¢O.Ol9/kWh $ 1,738

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 282,067 x ¢O.Ol4/kWh $ 3,949

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am lO hrs/day

Total kilowatt hours 285,120 x ¢O.OlO/kWh $ 2,851

Subtotal $ 8,538

Fuel Adjustment Charges:

Total kilowatt hours = 658,635 x ¢0.04063 $ 26,760

GRAND TOTAL for demand, energy and fuel adjustment charges $ 36,870
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FOUNDRY "B"

DEMAND LIMITING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on-peak 1,280 kWat $2.50 $ 3,200

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,280 kWat $0.30 $ 384

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,280 kWat No Charge $ 0

Subtotal $ 3,584

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 113,608 x ¢O.022/kWh $ 2,499

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm ,8 hrs/day

Total kilowatt hours 167,275 x ¢O.Ol9/kWh $ 3,178

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/d'y

Total kilowatt hours 211,924 x ¢O.OlO/kWh $ 2,119

Subtotal $ 7,796

Fuel Adjustment Char_es:

Total kilowatt hours = 492,807 x ¢0.04063 $ 20,022

GRAND TOTAL for demand, energy and fuel adjustment charges $ 31,402

TABLF 3
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FOUNDRY "B"

DEMAND LIMITING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on-peak 1,280 kWat $0.75 $ 960

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,280 kWat $0.25 $ 320

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,280 kWat No Charge $ 0

SubtOtal $ 1,280

Energy Charge:

"On-pebk" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kil_watt hours 91,448 x ¢O.Ol9/kWh $ 1,738

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 282,067 x ¢O.Ol4/kWh $ 3,949

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 285,120 x ¢O.OlO/kWh $ 2,851

Subtotal $ 8,538

Fuel Adjustment Charges:

Total kilowatthours : 658,635 x ¢0.04063 $ 26,760

GRAND TOTAL for demand, energy and fuel adjustment charges $ 36,578

;
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FOUNDRY "B"

OFF-PEAK MELTING (SUMMER}

Demand Charoes:

"On-peak" per kilowatt of maximum demand

Total on-peak 0 kWat $2.50 $ 0

Plus "partial peak" per kilowatt'of maximum demand

Total partial peak 0 kWat $0.30 $ 0

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,579 kW at No Charge $ 0

Subtotal $ 0

Energy Charge:

"On-pe_k" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 0 x ¢O.022/kWh $ 0

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm .8 hrs/day

Total kilowatt hours 167,275 x ¢O.Ol9/kWh $ 3,178

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 325,532 x ¢O.OlO/kWh $ 3,255

Subtotal $ 6,433

Fuel Adjustment Charges:

Total kilowatt hours = 492,807 x ¢0.04063 $ 20,022

GRAND TOTAL for demand, energy and fuel adjustment charges $ 26,455

TABLE 4
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FOUNDRY "B"

OFF-PEAK MELTING (WINTER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on-peak 0 kWat $0.75 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 0 kWat $0.25 $ 0

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,638 kWat No Charge $ 0

Subtotal $ 0

Energy Charge:

"On-pe_k" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 0 x ¢O.Olg/kWh $ 0

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 282,067 x ¢O.Ol4/kWh $ 3,949

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am lO hrs/day

Total kilowatt hours 376,568 x ¢O.OlO/kWh $ 3,765

Subtotal $ 7,714

Fuel Adjustment Charges:

Total kilowatt hours = 658,635 x ¢0.04063 $ 26,760

GRANDTOTAL for demand, energy and fuel adjustment charges $ 34,474

TABLE 4 t
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PART F

ECONOMIC ANALYSIS

Payback period is calculated from

Capital Investment
Cost Savings/year = years

Payback years for individual projects are listed in Part "G", based on

order of magnitude costs as follows:

• Demandcontrollers $ lO,O00

• Upgradingheat treat furnaces 50,000

• Upgradingladleheaters 8,000

TOTAL $68,000

The following conditions could lower the anticipated payback period

considerably:

• Present day equipment costs used, the energy savings cost is based

on 1979 calendar year average energy costs (except for electrical

energy costs}.

• No credit taken for government tax break for installation of

energy saving devices.

• Calculation of return on investment utilizing life-cycle costing

methods, which take into account depreciation, cost of money and

escalation of energy cost over the lifetime of the equipment, will

possibly make the capital investment attractive.



PART G

SUMMARYOF ENERGY REDUCTION

SUMF_RYTABULATION (ALTERNATE II

ENERGY COST PAYBACK
ITEM SAVED SAVINGS CAPITAL PERIOD

BTUx 106 $ INVESTMENT YEAR

Demandcontrollers $ 9,160 $ I0,000 I.I

Upgrading heat treat
furnaces 8,305 22,170 50,000 2.3

Upgradingladleheaters 288 770 8,000 10.4

TOTAL 8,593 $32,100 $ 68,000 2.1

TABLF l
B-35



II I I - III

PART G

SUMMARY OF ENERGY REDUCTION

SUMMARY TABULATION (ALTERNATE 2)

ENERGY COST PAYBACK
ITEM SAVED SAVINGS CAPITAL PERIOD

BTUx lO6 $ INVESTMENT YEAR

Off-peak melting - $67,570 -

Upgrading heat treat
furnaces 8,305 22,170 $ 50,000 2.3

Upggadingladleheaters 288 770 8,000 10.4

TOTAL 8,593 $90,510 $ 58,000 0.6

TABLE 2 ;
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FOUNDRY "B"

PROJECTED ENERGY-EFFICIENCY RECORD

HOr_THOR YEAR RECORDED 1979/80

UNITS OF PRODUCTION 6,407 tons

FUEL COSTS

• Electricity $ 830,397"0_/

• Natural Gas 27,792.00

• Propane "-

• Oil "-

• Coke --

• Other

TOTAL $ 858,189.00

E)IERGY USED

• KWH 13,831,880 x 3,412 Btu = 47,194 Btu x 106

• Mcf Gas I0,345 x l_/ I0,345 Btu x IO6

• Gal.Propane x 91,600Btu : --

" Gal.Oil x 140,000Btu ""

• Coke- lb. x 12,500Btu = --

TOTALBTU 57,539 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

Hillion Btu) 57,539 8.98 x 106/ton
Units) 6,407

COST PER MILLION BTU

(Energy Cost) 858,189 $ 14.9 Cost/Btu x lO6
(MillionBtu) 57,539

COST PER UNIT OF PRODUCTION

(Total Cost) 858,189 $ 133.90 Cost/Unit
(Units) 6,401 tons

I/ l Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2_/ Projected 1980 energy cost.

ALTERNATE l

TABLE 3
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FOUNDRY "B"

PROJECTED ENERGY-EFFICIENCY RECORD

fIONTHOR YEAR RECORDED ]979/80

UNITS OF PRODUCTION 6,407 tons

FUEL COSTS

• Electricity $ 771,987.00

• NaturalGas 27,792.00

• Propane --

• 0ii -"

• Coke ""

• Other --

TOTAL $ 799,779

ENERGY USED

• KWH 13,831,880 x 3,412 Btu = 47,194 Btu x 106

• Mcf Gas 10,345 x _/ 10,345 Btu x 106

" Gal. Propane x 91,600 Btu = --

• Gal. 0ii x 140,000 Btu : --

• Coke - lb. x 12,500 Btu = --

TOTALBTU 57,539 Btu x 106

ENERGYUSED PER UNIT OF PRODUCTION

Million Btu) 57,539 8.98 x 106 Btu/ton
Units) 6,407 =

COSTPERMILLION BTU

(Energy Cost) 799,779 $ 13.89 Cost/Btu x 106
(Million Btu) 57,539

COST PER UNIT OF PRODUCTION

ITotal = 124.82 Cost/Unit
Cost) 799,779 $

Units) 6,407tons

I/ I Mcf : 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

ALTERNATE 2

TABLE 4
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FOUNDRY "C"

Part "A" General Description

Ductile and Gray Iron castings produced on fine green

sand and two chemically bonded molding lines. One shift

operation per day, 5 days per week.

Facilities

BuildingArea - NotAvailable

Manning Total - Not Available

Average Shipments - 2,520 Tons/year

Average Sales Value - $8.5 Million

Melt Furnaces

Electric coreless induction l x 3,000 lb. (350 KW)

Electric coreless induction 2 x 12,000 lb. (1,500 KW)

2 Cupolas - 72" shell, 48" dia. (used as reserve back-up
to electric furnaces)

Equipment

Dry sand and green sand cope and drag molding, lO Ibs. to

200 Ibs. average casting weight. No-bake molding with

continuous mixer for average lO0 Ibs. to l,O00 Ibs. each

casting. Average foundry pouring yield 53%. Core making

by chemical and oil sand process methods. Heat treatment

is carried out in 2 car bottom furnaces. Cleaning of cast-

ings by shot blast and grinders operates 16 hours per day.

1,500 cfm of compressed air is available.
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FOUNDRY "C"

ELECTRICAL POWERUSAGE*

FUEL

BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS
BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY1979 376,800 2,291 .97 II,570 (638) 5,394 17,602 I$16,964.00

I

FEBRUARY1979 386,400 2,255 .98 I0,757 (647) 5,318 16,722 16,075.00

MARCH 1979 367,200 2,279 .99 I0,136 (648) 5,361 16,145 15,497.00

APRIL 1979 415,200 N/A N/A N/A N/A N/A N/A 16,728.00

MAY 1979 376,800 2,266 .98 10,443 (548) 5,341 16,332 15,784.00

JUNE 1979 376,800 N/A N/A N/A N/A N/A N/A 15,900.00

JULY1979 228,000 2,281 .98 6,646 (450) 5,373 I2,469 12,019.00

AUGUST1979 384,000 2,262 .99 I0,748 (476) 5,333 16,557 16,081.00

SEPTEMBER1979 434,400 2,404 .99 12,117 • (509) 5,634 18,260 17,J51.00

OCTOBER1979 432,000 2,443 .98 12,650 (505) 5,717 18,872 18,367.00

NOVEMBER1979 468,000 2,500 ;98 14,149 (521) 5,838 20,508 19,987.00

DECEMBER 1979 427,200 N/A .99 N/A (256) N/A 15,029 14,772.00

TOTALS 4,672,800 $195,925.00

* 12,000 VOLT SERVICE (FUR;IACES) A-13 SCHEDULE.

195,962
AVERAGEENERGYCOST _,800 = $ O.041/KWH

TABLE l
_Sheet l of2
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FOUNDRY "C"

ELECTRICAL POWER USAGE*

FUEL
BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS

BILLING PERIOD ENERGY KWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL
J

JANUARY 1979 I60,560 N/A N/A N/A N/A N/A N/A $ 6,615.00

FEBRUARY 1979 ! 161,520 I 6,253.00' i i
MJ_RCH1979 157,920 6,099.00

I I
APRIL 1979 160,080 6,]21.00

J l
MAY 1979 150,480 5,B57.00

i i
JUNE 1979 t ]57,440 6,104.00

I I
JULY 1979 94,080 I 4,152.00

I I
AUGUST 1979 ]50,240 5,857.00

I I
SEPTEMBER 1979 I55,040 : 6,035.00

I I i
OCTOBER 1979 161,760 6,465.00

NOVEMBER 1979 ]62,720 ( I 67672.00
I

i J
• DECEMBER 1979 I55,280 6,420.00

' TOTALS ],B27,]20 ' I L _ _ I I $72,650.00
I

* GENEP_L PLANT SERVICE- AIZ RATE SCHEDULE.

AVERAGE ENERGY COST = 72,650 = $ O.O39/KWH

COST SUmmARY (ALL SERVICES)

SERVICE KWH COST
I I

HIGH VOLTAGE 4,672,800 $ 195,925.00
I t

GENERALPLANT 1,827,120 72,650.00
I I

I I

TOTALS 6,499,920 S268,575.00
i .... I

TABLE I
C-4 Sheet2 of2
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FOUNDRY "C"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

JANUARY1979 30,027 3,002.7 $ 7,589.00

FEBRUARY1979 34,905 3,490.5 8,821.00

MARCH1979 27,003 2,700.3 6,825.00

APRIL 1979 27,000I-/ 2,700.0 6,821.00

MAY1979 27,945 2,794.5 7,063.00

JUNE1979 22,739 2,273.9 5,967.00

JULY1979 15,304 1,530.4 4,298.00

AUGUST1979 25,946 2,594.6 7,286.00

SEPTEMBER1979 24,092 2,409.2 6,766.00

OCTOBER1979 24,058 2,405.8 6,756.00

NOVEMBER1979 27,600 2,760.0 9,039.00

DECEMBER1979 30,197 3,019.7 9,776.00

TOTALS 316,816 31,681.6 $ 87,007.00

I__/ NO INFORMATION- ASSUMEDVALUE.

HEATCONTENTOF GAS= BTU/CUFT (FROMBILL)

I00,000 BTU = 1THERM

COSTOFGAS= 87,007 : $ 0.274 PERTHERM
316,816

NOTE: From December 1979 through May 1980 - 6 months
Average gas cost increased to $ 0.396 PER THERM.

TABLE 2
C-5
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FOUNDRY"C"

ANNUAL COKE CONSUMPTION

PERIOD TONS BTUX 106 COST

JANLIARY1979 NONE .........

FEBRUARY1979I NONE .........

MARCH 1979 5°0 125 1,030"

APRIL 1979 NONE . .........

MAY 1979 NONE ..........

JUNE 1979 NONE ..........

JULY 1979 5°0 125 1,030

AUGUST 1979 5o0. 125 1,030

SEPTEMBER1979 NONE ..........

OCTOBER1979 NONE ..........

_ NOVEMBER 1979 NONE

_ DECEMBER1979 NONE ---

TOTALS 15oOO 375 $ 3,090

AVERAGE COKE COST = ASSUMED $206/TON

NOTE:

Cupola #1 - 72-inch acid lined to 48-inch.
Interm. tapped in 1,500# taps.
Typical melt program - 30,000# to 50,000# per day,
one day per month. Used as reserve backup to
electric furnaces.

Cupola #2 - Same as #l except basic lined.

TABLE 3
C-6
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FOUNDRY "C"

DESCRIPTION AND POWERUSAGE OF ELECTRICAL EQUIPMENT

I EQUIPMENT TYPE lCAPACITY L OPERATION !$ I
IHRS/DAYJDAYS/MO I H.P. KW j SERVICE

MELTING DEPARTMENT

I r I I !

FURNACE#I CORELESSINDUCTION 3,000# 3501

J

FURNACE#2 CORELESSINDUCTION ]2,000# 1,5001

r ! r I I I

FURNACE#3 CORELESSINDUCTION ]2,000# ],5001
J

r I i i r I

l ! I i I

i I I I i i l
r I l

J
r _ i , i i i i

P
r i I I I I i I

I
I

r _ i I r I i I I

| _ J i i i i !

I i I i I I I

I J I I iI !
i
i

l i b i I i J i |

I_ _ _ J i i i !

i i i i i i i i I
I

i

i I ....
!

, ! , , : , ,

l

TABLE 4
ii
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FOUNDRY"C"

I

DESCRIPTION AND FLOW RATES OF GAS FIRED EQUIPMENT

BURNERS OPERATION
, AVERAGE MAXIMUM

! EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH
m i

HEATTREAT #1 BOTTOMFURNACE 16 N/A N/A N/A N/A N/A
J

HEAT TREAT #2 BOTTOM
FURNACE N/A .N/A N/A N/A N/A N/A

l

LADLEHEATERS(A) 3 TORCHTYPE: 9.5 21 N/A 750*
I

LADLEHEATERS(B) 2 TORCHTYPE 4 21 N/A 500*
I

LADLEHEATERS(C) 1 TORCHTYPE 6 17 N/A 200*
I

LADLEHEATERS(D) 2 TORCHTYPE 6 12 N/A 400*
]

i
1
I

,I

I

I

I |

l i i

!

TOTALS I

i

* ESTIMATED

TABLE 5
' I
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FOUNDRY "C"

1979 ENERGY-EFFICIENCY RECORD

MONTHORYEARRECORDED 1979

UNITSOFPRODUCTION _ 2,520

FUELCOSTS NETGOODTONSPERYEAR

• Electricity $ 268,575.00

NaturalGas 87,007.00

• Propane ....

• Oil ....

• Coke 3,090.00

• Other ....

TOTAL 358,672.00

ENERGY USED

• KWH 6,499,920 x 3,412 Btu = 22,177.7 Btu x 106

• Mcf Gas 31,681 I._/ 31,681 Btu x 106

• Gal. Propane .... x 91,600 Btu ....

• Gal. Oil .... x 14D,O00Btu : --'-

• Coke- lb. 301000 x 12,500Btu 375 Btu x 106

TOTALBTU 54,233 Btu x 106

ENERGY USED PER UNIT OF PRODUCTION

Million Btu I 54,233 = 21,52 Btu x I06/TON
Units) 2,520

COST PER MILLION BTU

(Energy Cost) 358,672 = 6.61 Cost/Btu x lO6
(MillionBtu) 54,233

COST PER UNIT OF PRODUCTION

(Total Cost) 358_672 : 142.3 Cost/Unit
(Units) 2,520

I/ ] Mcf • 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 6 .
C-9



FOUNDRY"C"

ENERGY-EFFICIENCYRECORD2/3/

_IO_THOR YEARRECORDED 1980Projected(ElectricalOnly)

UNITSOFPRODUCTIOI_ 2,520

FUELCOSTS NETGOODTONSPERYEAR

Electricity $ 425,700.00

" NaturalGas 87,007.00

• Propane None

• Oil None

• Coke 3,090.00

• Other ....

TOTAL 515,797.00

ENERGY USED

• KWH 6,499,920 x 3,412Btu = 22,177.7 Btux lO6

• Mcf Gas 31,681 l_/ 31,681 Btu x lO6

• Gal.Propane .... x 91,600Btu = ----

• Gal.Oil .... x 140,000Btu = "'--

• Coke- lb. 30,000 x 12,500Btu = 375 Btux 106

TOTALBTU 54,233 Btux 106

ENERGY USED PER UNIT OF PRODUCTION

Million Btu) 54,233 _ 21.52 Btu x 106/TON
Units) 2,520

COST PER MILLION BTU

(Energy Cost) 515,797 = 9.51 Cost/Btu x 106
(MillionBtu) 54,233

COST PER UNIT OF PRODUCTION

Total Cost) 515_797 204.68 Cost/Unit
Units) 2,520 =

_/ 1Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

_/ The electricalcost shown represents1980 calendar year costs and are based on 1979 energy
consumption with "time of day" billing rates applied. The projected electrical cost is
used as a base for calculatingcost savings by implementationof "off-peak"melting and
demand control.

_/ All other energy costs are 1979 rates.

TABLE 7
C-10
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ANNUAL PRODUCTION

FOUNDRYCODEC CASTINGMETALG & D.I.

PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE

JANUARY 350 N/A N/A N/A

FEBRUARY 350

MARCH 375

APRIL 460

MAY 350

JUNE 350

JULY 305

AUGUST 375

SEPTEMBER 460

OCTOBER 460

NOVEMBER 480

DECEMBER 460 ,, ._ ,,

TOTALS 4,775 2,520 $8,000,000

AVERAGEMELT TONS/DAY : 25

REPORTED% SCRAP N/A

REPORTED% MELT LOSS N/A

AVERAGEFOUNDRYYIELD % 52.7%

AVERAGESALES VALUE/LB.

TABLE l
I
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OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

FURNACE NO. 1

Furnacemake N/A TransformerKVA N/A

Model 350 kW 180 HZ PrimaryVoltage N/A

Capacity 3,000 # SecondaryVoltage N/A

Output 640 tons/yr.

3 tons/day

Alloy Gray Iron, Ductile

Melt cycle N/A minutes

Tap Quantity 800 # to 1,500' Ibs.

Charge Quantity N/A Ibs.

Taptemperature 2,820 OF

Holdingtemperature 1,600 OF

Slag cycle N/A minutes

Fumecollection CFM

Water coolingNIA. GPM, Temp BIA. in OF BIA. Out OF

Type of Refractory N/A

Energy consumption 636,288 KWH/YR

Energy Cost 4.1 Z/KWH

TABLE ]
CL:3 1of3
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OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

FURNACENO. 2

Furnace make N/A Transformer KVA N/A

Model 1,500 KW 60 HZ Primary Voltage N/A

Capacity 12,000 # Secondary Voltage N/A

Output 2_030 tons/yr.

10 tons/day

Alloy Gray Iron_ Ductile

Melt cycle N/A minutes

Tap Quantity 800 to 6_000 # Ibs.

Charge Quantity N/A Ibs.

Tap temperature 2,820 OF

Holding temperature N/A OF

Slag cycle N/A minutes

Fume collection N/A CFM

Water cooling NXA. GPM, Temp .NXA in OF NLA. Out OF

Type of Refractory N/A

Energy consumption 2,018,266 KWH/YR

Energy Cost 4.1 _/KWH
(

|

i

i

TABLE] I
C-14 2 of 3 i
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OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

FURNACE NO. 3

Furnacemake N/A TransformerKVA N/A

Model 1_500 KW 60 HZ Primary Voltage N/A

Capacity 12_000 SecondaryVoltage N/A

Output 2_030 tons/yr.

10 tons/day

Alloy Gray Iron_ Ductile

Melt cycle N/A minutes

Tap Quantity 800 to 6,000 Ibs.

ChargeQuantity N/A Ibs.

Tap temperature 2,820 OF

Holding temperature N/A OF

Slag cycle NIA minutes

Fume collection N/A CFM

Water coolingNLS. GPM, Temp NLS. in OF .NL8 Out OF

Type of Refractory N/A

Energy consumption 2_018_226 KWH/YR

Energy Cost 4.1 _/KWH

TABLE 1
C-15 3of3
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OPERATIONAL DATA FACT SHEET

HEAT TREAT FURNACES

HEAT TREATING UNIT NO. l

FURNACEMAKE N/A BURNER MAKE N/A

MODEL BATCH TYPE MODEL N/A

SIZE 8' X ]0' X ]8' TYPE PREMIX. sIZE N/A BTU/HR

CAPACITY 30,000 LBS. FUEL NATURAL GAS

TYPE OF LINING CONVENTIONAL RECUPERATORMAKE NONE

WALL THICKNESS _" * INCH MODEL - TEMP - °F

BLOWERMAKE N/A TYPE - SIZE -

MODEL N/A CONTROLS _t_KE

SIZE - CFM. PRESS - "WG TYPE

VOLT - HP -

TYPEOFHEATTREATCYCLE_HOUR ALLOY

HEAT TREAT CYCLE - HEATUPN/A HRS FUEL/AIR RATIO N/A
HIGH LOW

- SOAK N/A HRS FLUE TEMPERATURE N/A °F N/A °F

-COOL DOWN N/AHRS
SHELL ;IEANTEMPERATURE N/A °F

CYCLES PER WEEK N/A
FURNACE PRESSURE N/A "wc

TEMPERATURE l, 700 °F

AVERAGELOAD 30 mOOO LBS
FLUE ANALYSIS (HIGH) N/A%co

CASTING N/A LBS
N/A_ o2

BASKETS N/A LBS
N/A% co2

STOOLS N/A LBS
LOW N/A% co

LOAD DENSITY N/A LBS/WFT

QUENCH - AIR, - H20 - OIL ]_JJ_-%02

NIA% coz
QUENCHTEMPERATURE - °F

FUEL CONSUMPTION 750 THERMS/CYCLE

J

WALL AREA N/A SQ.FT. I
I

WALL TEMPERATUREHOT FACE TI N/A °F

WALL TEMPERATURE COLD FACE T2 N/A °F

AMBIENT TEMPERATURE N/A °F

EXTERNAL SURFACE AREA N/A sQ FT.

ENERGY COST/THERM $ 0.274

HEAT TRF.ATLOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

* ADDED 3-I/2" CERAMICFIBER LINING IN JULY 1980 TAB L E 2
C-16 Sheet] ofl
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OPERATIONALDATAFACT SHEET

HEAT TREAT FURNACES

HEAT TREATING UNIT NO. 2

FURNACEMAKE N/A BURNERMAKE

MODEL BATCHTYPE MODEL

SIZE 7' X 7' X 8' TYPE N/A SIZE N/A BTU/HR

CAPACITY N/A LBS. FUEL

TYPEOF LINING FIRE BRICK RECUPERATORMAKE NONE

WALL THICKNESS 4.5 INCH MODEL - TEMP :F

BLOWERMAKE N/A TYPE - SIZE

MODEL N/A CONTROLS MAKE -

SIZE CFM.PRESS- "WG TYPE -

VOLT - HP

TYPE OF HEAT TREAT CYCLE 12 te 24 HOURS ALLOY

HEAT TREAT CYCLE - HEATUP N/AHRS FUEL/AIR RATIO LOW

- SOAK N/ANRS FLUE TEMPERATURE N/A °F N/A °F

-COOL DOWN N/AHRs SHELL fIEANTEr_PERATURE N/A °F

CYCLES PER WEEK N/A
FURNACE PRESSURE _N/A "WC

TEt4PERATURE 1 ,700 °F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A% co

CASTING N/A LBS

N/A _ o2
BASKETS N/A LBS

N/A % co2
STOOLS N/A LBS

LOW NIA % CO
LOAD DENSITY N/A LBS/WFT

N/A % o2
QUENCH- AIR,- H20- OIL

N/A % CO2
QUENCH TEMPERATURE °F

FUEL CONSUMPTION N/A THERMS/CYCLE

WALL AREA N/A SQ.FT.

WALL TEMPERATUREHOT FACE T] N/A oF

WALL TEMPERATURECOLD FACE T2 N/A °F

AMBIENT TEMPERATURE N/A OF

EXTERNAL SURFACEAREA N/A SQ.FT.

ENERGY COST/THERM $ 0.274

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE 2 ,
C-17 Sheet2of2



IIIII II I IIIII I II III II

OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

OPEP_ATION(A)

LADLECAPTO_S N/A HEAT CYCLES/DAY5:30 AM to 3:00 PM

LADLEAREAINSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED NO TYPEOF LINING CONVENTIONAL

INSIDE TEMP N/A OF OUTERSHELLTEMP N/A OF

AMBIENTTEMP VARIES °F '

GAS USAGE/HR 250 * CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CR_ PRESSURE- N/A WG

PREHEATCYCLETIME N/A _ HRS FLUETEMP N/A °F
i

REFP4_CTORYK VALUE N/A RS VALUE N/A
(

BLOWERHP NONE RECUPERATOREFFCY NONE

FUELCOST/THERM$ 0°274 ANNUALUSE 1781 * BTUX 106

NUMBEROFUNITSINUSE THREE
i

• ESTIMATED

TABLE 3
C-18 SheetI of4 I



QPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

OPERATION (B)

LADLE CAP TONS N/A HEAT CYCLES/DAY 4 HOURS

LADLE AREA INSIDE N/A .SQ FT. LINING THICKNESS N/A

COVERED NO TYPE OF LINING CONVENTIONAL

INSIDETEMP N/A OF OUTER SHELL TEMP N/A OF

AMBIENTTEMP VARIES OF

GAS USAGE/HR 250 * CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A °F

REFRACTORYK VALUE NIA RS VALUE N/A

BLOWERHP NONE RECUPERATOREFFCY NONE

FUEL COST/THERM$ 0°274 ANNUALUSE 480 * BTU x 106

NUMBEROFUNITSIN USE TWO

• ESTIMATED

TABLE 3
6-19 Sheet2of4 i
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

OPERATION (C)

LADLE CAP TONS N/A HEAT CYCLES/DAY 6 HOURS

LADLE AREA INSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED NO TYPE OF LINING N/A

INSIDE TEMP N/A OF OUTER SHELL TEMP N/A OF

AMBIENTTEMP VARIES OF

GAS USAGE/HR 200 * CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A OF

REFRACTORYK VALUE N/A ItSVALUE N/A

BLOWERHP NONE RECUPERATOREFFCY NONE

FUEL COST/THERM$ 0.274 ANNUAL USE 230 * BTU x lO6

NUMBEROF UNITSINUSE ONE

• ESTIMATED

TABLE 3
C-20 Sheet3of4 j



OPERATIONALDATA FACT SHEET

LADLE PREHEATDATA

OPERATION (D)

LADLE CAP TONS 4,000 # HEAT CYCLES/DAY N/A

LADLE AREA INSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED NO TYPEOF LININGCONVENTIONAL

INSIDETEMP N/A °F OUTERSHELLTEMP N/A °F

AMBIENTTEMP VARIES OF

GAS USAGE/HR 200 * CU FT. CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLETIME 6 HOURS HRS FLUETEMP N/A °F

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP NONE RECUPERATOREFFCY NONE

FUEL COST/THERM$ 0°274 ANNUAL USE 340 * BTU x lO6

NUMBEROF UNITSINUSE TWO

• ESTIMATED

TABLE 3
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OPERATIONAL DATA FACT SHEET

CUPOLA DATA

CUPOLADIA SHELL 72 INS REFRACTORYTHICKNESS 12"

LINING N/A INS WATER COOLING GPM NONE

HEIGHTOF TUYERESABOVE HEARTH N/A INS

LAUNDERLENGTH N/A WIDTH N/A

METAL TO COKE RATIO 3:1 BED COKE N/A LBS

MELT RATE 5 TONS TPH COKE ADDITION/HR N/A LBS

BLAST RATE NONE CFM PRESSURE N/A ONZ

NUMBER OF ROWS OF TUYERES N/A SPACING N/A
NOT

COOLINGWATERUSAGE NONE GPM T1 - T2 APPLICABLE OF

FAN HP N/A MISC, HP N/A

HOTBLASTTEMP NONE OF RECUPERATORCAP NONE BTU/HR

AFTERBURNERRATINGBTU/HR NONE

OXYGENENRICHMENTPERCENTADDITION NONE %

MELTINGPERIOD; BLASTON N/A BLASTOFF N/A

COKEBREEZEADDITION, PERCENTOF COKE NONE %

ANTHRACITEADDITION,PERCENTOFCOKE NONE %

TABLE 4
C-22
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this study, certain input data is a
prerequisite in calculating potential energy savings from differ-
ent foundry processes. The lack of information pertaining to
combustion air analysis and gas flow rates to various equipment
precludes calculation of actual energy savings as illustrated in
SECTION II of this study.

Potential energy savings for upgrading gas-fired equipment
will be figured on a percentage basis; percentages used are con-
servative as compared to documented savings, from similar chang-
es, as recorded by the Foundry Industry.

Electrical energy savings are factual. Calculations are
based on actual kilowatts consumed by melt furnaces. Load pro-
files were developed from utility company computerized data for
15- to 30-minute periods.

|
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ELECTRICAL ENERGY COST SAVINGS

Electrical power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work sheets.

Based on a sample billing period of one month each at summer and winter
rate schedules, the cost reduction potential is:

I. Demand Control

Summer Winter Total

Normal meltingcost_/ $19,414 $20,772 $40,186

Demand limitedcost_/ 19,029 20,596 39,625

Reduction $ 561

Percent savings = reduction in cost
normal cost of melting = 1.4%

Therefore, annual savings;

= Melt KWH x Avg. Cost/KWH*x PercentSavings

=4,672,800 x .066x .014 = 4,317/year

For graphic illustration of methodology used in calculating
electrical savings see Figures 1 and 2.

2. Off-Peak Melting

Summer Winter Total

Normalmeltingcost $19,414 $20,772 $40,186

Off-peakmelting cost_/ 13,752 18,472 32,224

Total $7,962

Percent savings = 7,962
: 19.8%

Therefore, annual savings;

= Mel_ KWH/Yr x Avg. Cost/KWH* x Percent Savings

:.4,672,800 x .066 x .198 = 61,064/year

For graphic illustration of methodology used in the calculation of
electrical savings see Figures 3 and 4.

*Note: 1980 energy costs used.

_/Work sheet - Table 1.

_/Work sheet - Table 2.

Z/See Table 3.
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3. Demand Limitin 9 and Load Shiftin 9

Summer Winter Total

Normalmeltingcost $19,414 $20,772 $40,186

Revisedmelting cost-4/ 15,214 19,535 3,4,749

Total $ 5,437

Percentsavings= 5,437
: 13.5%

Therefore, annual savings;

= Melt KWH/Yr x Avg. Cost/KWH*x PercentSavings

= 4,672,800x .066 x .135 = 41,634/year

For graphic illustration of methodology used in the calculations of
electrical savings see Figures 5 and 6.

I

*Note: 1980 energy costs used.

_/See Table 4.
I
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MAXIMUM DEMAND
PEAKS COi_TROLLED

250 BYPOWERDE!,AND
240 CONTROLLER
230 ......
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SUMMER NORMAL 'DAYTIME MELTING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 1,466 kWat $2.50 $ 3,665

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 2,985 kWat $0.30 $ 895

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 3,422 kWno charge $ 0

Subtotal $ 4,560

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 50,344 x ¢O.022/kwh $ 1,107

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm .8 hrs/day

Total kilowatt hours 95,159 x ¢O.Ol9/kwh $ 1,808

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 119,071 x ¢O.OlO/kwh $ 1,190

Subtotal $ 4,105

Fuel Adjustment Charges:

Total kilowatt hours = 264,574 x ¢0.04063 $ 10,749

GRAND TOTAL for (demand, energy and fuel adjustment charges $ 19,414

TABLE 1
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WINTER NORMAL DAYTIME MELTING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 1,305 kWat $0.75 $ 978

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 2,407 kWat $0.25 $ 601

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 2,392 kWno charge $ 0

Subtotal $ 1,579

Energy Charge:

"On-pe_k" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatthours 16,661 x ¢O.019/kwh $ 316

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to I0:30 pm lO hrs/day

Total kilowatthours 197,009 x ¢O.014/kwh $ 2,758

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am lO hrs/day

Totalkilowatthours 146,901x ¢0.010 $ 1,469

Subtotal $ 4,543

Fuel Adjustment Charges:

Total kilowatthours : 360,571 x ¢ 0.04063 $ 14,650

GRAND TOTAL for (demand, energy and fue] adjustment charges $ 20,772

TABLE l
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WINTER NORMAL DAYTIME MELTING WITH DEMANDLIMITING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Totalonpeak 1,305 kWat $ 0.75 $ 978

Plus "partial peak" per kilowatt of maximum demand

Totalpartialpeak 1,700kW at $ 0.25 $ 425

Plus "off-peak" per kilowatt of maximum demand

Total"off-peak"1,700 kW no charge $ 0

Subtotal $ 1,403

Energy Charge:

"On-peak" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatthours 16,661 x ¢ O.019/kwh $ 316

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to I0:30 pm lO hrs/day

Total kilowatthours 197,009x ¢ O.014/kwh $ 2,758

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am lO hrs/day

Totalkilowatthours 146,901x ¢ 0.010 $ 1,469

Subtotal $ 4,543

Fuel Adjustment Charges:

Totalkilowatthours = 360,571 x ¢ 0.04063 $ 14,650

GRAND TOTAL for (demand, energy and fuel adjustment charges $ 20,596

TABLE 2
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SUMMERNORMAL DAYTIME MELTING WITH DEMANDLIMITING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 1,466 kWat $ 2.50 $ 3,665

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700 kWat $ 0.30 $ 510

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

Subtotal $ 4,175

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 50,344 x ¢ O.022/kwh $ 1,107

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm .8 hrs/day

Total kilowatt hours 95,159 x ¢ O.Olg/kwh $ 1,808

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 119,071 x ¢ O.010/kwh $ 1,190

Subtotal $ 4,105

Fuel Adjustment Charges:

Total kilowatt hours = 264,574 x ¢ 0.04063 $ 10,749

GRA:;D TOTAL for (demand, energy and fuel adjustment charges $ 19,029

TABLE 2
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SHIFT TO OFF-PEAK AND PARTIAL PEAK (SUMMER)

Demand CharQes:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $ 2.50 $ 0

Plus "partial peak" per kilowatt bf maximum demand

Total partial peak 0 kWat $ 0.30 $ 0

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 3,422 kW no charge $ 0

Subtotal $ 0

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 0 x ¢ O.022/kwh $ 0

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm 8 hrs/day

Total kilowatt hours 39,686 x ¢ O.Ol9/kwh $ 754

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 224,888 x ¢ O.010/kwh $ 2,249

Subtotal $ 3,003

Fuel Adjustment Charges:

Total kilowatthours : 264,574 x ¢ 0.04063 $10,749

GRAND TOTAL for (demand, energy and fuel adjustment charges $13,752

TABLE 3
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SHIFT TO OFF-PEAK AND PARTIAL PEAK (WINTER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $ 0.75 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 0 kWat $ 0.25 $ 0

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 2,392 kWno charge $ 0

Subtotal $ 0

Energy Charge:

"On-pe_k" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 0 x ¢ O.019/kwh $ 0

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 54,086 x ¢O.Ol4/kwh $ 757

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 306,485 x ¢O.010/kwh $ 3,065

Subtotal $ 3,822

Fuel Adjustment Charges:

Total kilowatthours = 360,571 x ¢0.04063 $ 14,650

GRAND TOTAL for (demand, energy and fuel adjustment charges $ 18,472

TABLE 3
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SHIFT FROM ON-PEAK TO PARTIAL PEAK
WITH DEMANDLIMITING (SUMMER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $ 2.50 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700 kWat $ 0.30 $ 510

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

Subtotal $ 510

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 0 x ¢ O.022/kwh $ 0

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm .8 hrs/day

Total kilowatt hours 145,503 x ¢ O.019/kwh $ 2,765

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 119,071 x ¢ O.010/kwh $ 1,190

Subtotal $ 3,955

Fuel Adjustment Charges:

Total kilowatt hours = 264,574 x ¢ 0.04063 $ 10,749

GRAND TOTAL for (demand, energy and fuel adjustment charges $ 15,214

TABI .E 4
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SHIFT FROM ON-PEAK TO PARTIAL PEAK
WITH DEMANDLIMITING (WINTER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $0.75 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700 kWat $ 0.25 $ 425

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

Subtotal $ 425

Energy Charge:

"On-peak" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 0 x ¢ O.019/kwh _ 0

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 213,670 x ¢O.014/kwh $ 2,991

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 146,901 x ¢ O.010/kwh $ 1,469

Subtotal $ 4,460

Fuel Adjustment Charges:

Total kilowatt hours = 360,571 x ¢0.04063 $ 14,650

GRAND TOTAL for (demand, energy and fuel adjustment charges $ 19_535

TABLE 4
C-39 Sheet2 of 2



"X
UPGRADING HEAT TREAT FURNACES

Total Annual Gas Consumption = 316,816 therms/year

Total Annual Cost = $87,007.00

Average Cost of Gas = $0.274 per therm

Assume approximately 75% of total gas input is attributed to heat treat
operations; therefore, gas consumption for heat treat (316,816 x .75)
equals 237,612 therms/year. Approximately 56% reduction in gas input is
possible if the present furnaces were upgraded as follows:

• Install ceramic fiber linings*

• Install high efficiency burner system

• Install fuel/air ratio controls

• Install furnace pressure controls

• Install combustion air preheating

"3-1/2" ceramic liner has been installed on Furnace No. 1.

Potential Energy Savings (237,612 x 0.56) = 133,062 therms/year

Cost Savings (133,062 therm x 0.274) = $36,459.00

UPGRADING LADLE HEATERS

Approximate Ladle Heater Gas Consumption:

• Operation (A) : 1,780,000 cu.ft./year

• Operation (B) = 480,000 cu.ft./year

• Operation (C) = 230,000 cu.ft./year

• Operation (D) = 340,000 cu.ft./year

TOTAL 2,830,000 cu.ft./year

OR 28,300 therms/year

Approximately 40% reduction in gas input is possible if the present ladle
heaters were upgraded as follows:

• Install ladle covers

• Install high efficiency burner system

• Install ceramic fiber lining

Potential Energy Savings (28,300 therm/year x 0.4) = 11,320 therms/year

Potential Cost Savings (11,320 x 0.274) = $3,102.00/year

NOTE: Energy costs are based on 1979 rates. Average gas costs have
risen to $0.396/therm for the first six months of 1980.

Z_KaG C-40 []



PART F

ECONOMIC ANALYSIS

Payback period is calculated as follows:

".Payback years for individual projects are listed in PART G based
on order of magnitude costs as follows:

• Off-PeakMelting $ -0-

• Upgrade Heat Treat Furnaces 80,000

• UpgradeLadle Heaters 5,000

• DemandControl i0,000

The following conditions could lower the anticipated payback period con-
siderably:

• Present day equipment costs used. However, the energy cost sav-
ings is based on 1979 calendar year average energy cost.

• No credit taken for government tax credit for installation of
energy-saving devices.

• Calculation of return on investment utilizing life-cycle testing
methods, which take into account depreciation, cost of money, and
escalation of energy cost over the lifetime of the equipment,
could possibly make the capital investment attractive.
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PART G

SUMMARY OF ENERGY REDUCTION PROCEDURES

ii

K & G []



I I I I I I IIIIIII I I III Illlll II I II1|111II [11III

PART G

SUMMARYOF ENERGY REDUCTION

(ALTERNATE - i)
SU_RY TABULATION

I ENERGY
ITEt.I SAVED COST CAPITAL PAYBACK

BTU x lO 6 SAVINGS INVESTMENT PERIOD
r _ j i

Demandcontrollers --- $ 4,317 10,000 2.3

Upgrading Heat treat
furnaces 13,300 36,460 80,000 2.2

Upgrading ladle heaters 2,830 3,100 5,000 1.6
i

TOTAL 16,130 $43,877 $ 95,000 2.16
i

TABLE1
i
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PART G

SUMMARYOF ENERGY REDUCTION

(ALTERNATE- 2)
SU_RY TABULATION

7 ENERGY
ITEt4 SAVED COST CAPITAL PAYBACK

BTU x 106 SAVINGS INVESTMENT PERIOD
J i

Off-peak melting --- $ 61,064 ......

Upgrading heat treat J
furnaces 13,300 36,460 80,000 2.2

Upgrading ladle heaters 2,830 3,100 5,000 1.6
I

Upgrading cupola furnaces
i

i

I i I

TOTAL i 16,130 $100,624 i $ 85,000 0.84

TABLE 2
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PART G

SUMMARYOF ENERGY REDUCTION

(ALTERNATE - 3)
SU_b'_RY TABULATION

ENERGY
COST CAPITAL PAYBACK

ITEM SAVED
106 SAVINGS INVESTMENT PERIODBTU X

i

Load shifting and
Demandcontrollers $ 41,634 10,000 0.24

Upgrading heat treat
furraces 13,300 36,460 80,000 2.2

Upgrading ladle heaters 2,830 3,100 5,000 1.6

TOTAL 16,130 $81,194 $ 95,000 1.17

TABLE 3
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FOUNDRY "C"

PROJECTED ENERGY-EFFICIENCY RECORD

(ALTERNATE 1)

MONTH OR YEAR RECORDED 1979/1980

UNITS OF PRODUCTION 2.520

FUEL COSTS

" Electricity $ 421,383_/

• Natural Gas 47_447

• Propane

• Oil

• Coke 3,090

• Other

TOTAL $ 471,920

ENERGY USED

• KWH 6 4gg_g20 x 3,412Btu = 221177.7 Btux lO6

" Mcf Gas 15,551 x l_/ 15,551.0 Btu x 106

• Gal.Propane x 91,600Btu :

• Gal.Oil x 140,000Btu =

• Coke - lb. 30,000 x 12,500 Btu = 375 Btu x 106

TOTALBTU 38,103.7

ENERGY USED PER UNIT OF PRODUCTION

Million Btu) 38,103.7 15.12 Btu x 106/ton
Units) 2,520

COST PER MILLION BTU

(EnergyCost) $471,920 12.38= Cost/Btu x 106
(Million Btu) 38,103.7

COST PER UNIT OF PRODUCTION

(Total Cost) 5471,920 5187.26- Cost/Unit(Units) 2,520

_/i Mcf = 1,000 cu.ft./hr - See gas bill for Btu content/cu.(t.

_/Electricitycost based on 1980 "time of day" billing rates.

TABLE 4
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FOUNDRY "C"

PROJECTED ENERGY-EFFICIENCY RECORD

(ALTERNATE 2)

_ONTH OR YEAR RECORDED lg79/lg80

UNITSOFPRODUCTION 2,520

FUEL COSTS Net Good Tons/Yr.

• Electricity $ 364,6362_/

• NaturalGas 47,447

• Propane

• 0ii

" Coke _,090

° Other

TOTAL $ 415,173

ENERGY USED

• KWH 6,499,920 x 3,412Btu = 22_177.7 Btux lO6

• Mcf Gas 15,551 lJ 15,551.0 Btu x 106

• Gal.Propane x 91,600Btu :

" Gal.Oil x 140,000Btu =

• Coke- lb. 30,000 x 12,500Btu 375 Btux 106

TOTAL BTU $ 38,103.7 Btu x 106

ENERGY USED PER UNIT OF PRODUCTION

(Million Btu) 38,103.7 = 15.12 Btu x 106/ton
(Units) 2,520

COST PER MILLION BTU

(Energy Cost} $415,173 _lO.8g Cost/Btu x lO6
_4TIlion Btu) 38,103.7

COST PER UNIT OF PRODUCTION

(Total Cost) $415.173 = $ 164.75 Cost/Unit
(Units) 2,520

!/1Mcf = 1,000 cu.ft./hr - See gas bill for Btu content/cu.ft.

_/E1ectricity cost based on IgBO "time of day" billlng rates.

I

TABLE5
t
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FOUNDRY "C"

PROJECTED ENERGY-EFFICIENCY RECORD

(ALTERNATE 3)

_IONTHOR YEAR RECORDED 1979/1980

UNITSOFPRODUCTION 2,520
Net Good Tons/Yr.

FUEL COSTS

• Electricity $ 384,066 2_/

• Natural Gas 47,447

• Propane

• Oil

• Coke 3_ogo

• Other

TOTAL $434,603

ENERGY USED

• KWH 6_499_920 x 3,412 Btu : 22t177.7 Btu x 106

• Mcf Gas 15,551 I/ 15,551.0 . Btu x 106

• Gal.Propane x 91,600Btu =

• Gal. Oil x 140,OOOBtu :

Coke - lb. 30,000 x 12,500 Btu = 375 Btu x 106

TOTALBTU $38,103.7 Btux 106

E_:ERGY USED PER UNIT OF PRODUCTION

(MillionBtu) 3B,103.7 15.12 Btux 106
(Units) Z,bUZ

COST PER MILLION BTU

(EnergyCost) _34,603 : $ II.405 Cost/Btu x IO6
(MillionBtu) 38,103.7 ....

COST PER UNIT OF PRODUCTION

(TotalCost) $434,603 = _72.46 Cost/Unit(Units) Z,bZU

_/1Mcf = 1,000 cu.ft./hr - See gas bill for Btu content/cu.ft.

_/Electricity cost based on 1980 "time of day" billing rates.

TABLE 6
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FOUNDRY"D"

ELECTRICAL POWER USAGE 3/

FUEL
BILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS

BILLING PERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL]./ NET BILL

JU;IE1973 475,200 1,184 84% 15,955 (20.94) 3,048 16,758 16,731

JULY ]979 457,600 1,184 84% 15,523 3,048 16,306 16,306

AUGUST1979 457,600 1,184 84% 15,523 3,048 16,306 16,306

SEPTEi_BER1979 481,600 1,176 84% 16,087 3,03] 16,897 16,897

OCTOBER 1979 417,600 ],160 83% 15,456 2,997 16,242 ]6,242

?IOVEMBER1979 456,000 1,200 84% 15,558 3,082 I 16,341 16,341

DECErIBER1979 435,200 I,]68 83% 15,955 3,014 ]6,765 16,765

JANUARY 1980 "318,400 84% ]l,431 - 12,006 12,006

FEBRUARY 1980 404,800 85% 14,731 - ]5,464 ]5,464

I._RCH1980 430,400 86% 18,439 (7.07) - 19,358 ]9,351

APRIL1980 451,200 87% 19,940 (15.16) " E 20,933 20,9]8

MAY ]980 452,800 87% 23,314 (17.22) - 24,476 24,459

TOTALS !5,238,400 207,786

Includes Power FactorAdjustment and City Taxes Average Cost = 207,786 = $O.O4/KWH
August 1979 Bill r.Iissing(used same as July) 5,238,400
A-22 Rate Schedule

TABLE1
I • f
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FOUNDRY "D"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

JUNE1979 31,224 3,122.4 8,286.00

JULY1979 37,075 3,707.5 10,713.00

AUGUST1979 31,224 3,122.4 8,286.00 I_/

SEPTEMBER1979 32,254 3,225.4 9,510.00

! OCTOBER1979 27,391 2,739.1 7,692.00

NOVEMBER1979 25,228 2,522.8 7,948.00

DECEMBER1979 25,094 2,509.4 8,530.00

JANUARY1980 17,225 1,722.5 6,001.00

FEBRUARY1980 24,981 2,498.1 9,124.00

MARCH1980 26,453 2,645.3 10,434.00

APRIL1980 30,935 3,093.5 12,555.00

MAY1980 26,476 2,647.6 11,086.00

TOTALS 335,560 33,556.0 110,165.00

!/ August Gas Bill Missing (June bill used)

HEATCONTENTOF GAS= BTU/CUFT (FROMBILL)

I00,000 BTU = 1 THERM

COSTOFGAS= II0_165 = $ 0.33 PERTHERM

335,560

TABLE 2
D-4
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FOUNDRY "D"

DESCRIPTION AND POWER USAGE OF ELECTRICAL EQUIPMENT

_--OP'E_ATI0N

EQUIPMENT TYPE ICAPACITY iHRS/DAY DAYS/MOI H.P. 4 KW i AMPS

1 i
WAX ! 1

i

i

WAX YACHI;IES(6) i 42

I LEYDEN;._.ACHINES(3) I 90

i 29INJECTIO;_MACHINES(4) I

WAXTANKS t 24
1

: 1
I

WAX ASSE,VBLY i 35
I

i

i' DRYI;IGROOM i !i
I

DRYER CABItlETS 1-1/21
' i

4
WAX EXTR. ]5

I

DIPPING 45

A/C SYSTEMS 140

COMP.(2) 190
| I

STRAI GHTENING 35
I L

HEATTREAT 65
I i

, 2YGLO I 60

X-RAY I0

! I

DIESHOP 17

i

MACHINE SHOP 38

| i

FINISHI_IG 48

' i ; 1
,,ELT I 63! I

I

TABLE 3
D-5 SHEET1of2



TABLE 3 (CONTINUED)

EQUIPMENT I TYPE 'CAPACITY iHRS/DAY DAYS/MO H.P. KW _PS
I ' i ( l

CUT-OFF i209
I _ i i I I

FURNACE#I AJAX(INDUCT.) l 150

! I : _ f i I
FURNACE#2 _AX(INDUCT.) [: ]SO

I i [ I I I I

FURNACE#3 INDUCTOTHERM 325
i J l l l i I

i t i i J I i i
i

I J l 1 i_ l J I

I , I 1 I ] I i |
i

I ] . I ] I I
!

I ; I I I I ;

i ! I I I I I
l

i !
I I I I I I I I

i

I ! I I I I I I

i I I I I I I i

i J i _ l E i i

I I I I I I I I

I I I I I I I I

; i I I I I f I

Fi ] I I I I !

I ] I I I

/

r I 1 i J i I

TABLE 3
I
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, FOUNDRY"D"

DESCRIPTION AND FLOWRATES OF GAS FIRED EQUIPMENT

BURNERS OPERATION
, AVERAGE MAXIMUMI

EQUIPMENT TYPE NO.I TYPE HRS/DAY DAYS/MOi CFH CFH
!

BURN-OUTOVEN#1 N/A 8 Premix 24 21 - 1000
i

BURN-OUTOVEN#2 N/A 8 Premix 24 21 - 1000
i

i
i

BURN-OUTOVEN#3 N/A 2 Premix 24 21 - 400
i

AFTERBURN N/A 1 Premix 3 21 - 350* <
i

t

HT FURN ...... 560**
i

SALTBATH# 1 - 2 Premix 5 21 - 300
i

SALTBATH#2 - 2 Premix 5 21 - 300
l

Open
LADLEHEATERS N/A I Touch 10 21 - 250

i

STEAMBOILER N/A 1 Premix 10 21 - 469 i
! l

TOTALS 4629

* I00 CFM when idling

** Not in general use TABLE 4
|
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FOUNDRY "D"

1979 ENERGY _ EFFICIENCY RECORD

MONTH OR YEAR RECORDED JUNE 1979 - I_tAY1980

UNITS OF PRODUCTION 500/YEAR

NET GOOD TON
FUEL COSTS

• Electricity $ 207,786.00

• NaturalGas II0,165.00

° Propane

• Oil

• Coke

• Other

TOTAL 317,951.00

ENERGY USED

" KWH 5,238,400 x 3,412 Btu = 17,873.4 Btu x lO6

• Mcf Gas 33,556 x I_/ 33,556 Btu x 106

• Gal. Propane x 91,600 Btu = NONE

" Gal.Oil x 14O,O00Btu = NONE

• Coke° lb. x 12,500Btu = NONE

TOTAL BTU 51,429.4 Btu x 106

ENERGY USED PER UNIT OF PRODUCTION

IFIil!ion = 102.85 Btu x I06/TON
Btu) 51,429.4

Units) 500TONS

COST PER _41LLION BTU

317,951

I_nerey = 6.18 Cost/Btu x lO6
Cost)

Aiil_on Btu) 51,429.4

COST PER UNIT OF PRODUCTION

317,951

ITotal = 635.9 Cost/Unit
Cost)

Units) 500 OR32¢perlb.

l_/ l Mcf : l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE ,.5
i

D-8
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FOUNDRY "D"

ENERGY-EFFICIENCYRECORD-_2/_/

rlONTHOR YEAR RECORDED 1980 PROJECTED (ELECTRICITYONLY)

UNITSOF PRODUCTION 500_iETGOODTONSPERYEAR

FUEL COSTS

Electricity $ 314,304.00

• NaturalGas II0,165.00

• Propane NONE

• Oil NONE

• Coke NONE

• Other NONE

TOTAL $ 424,469.00

ENERGY USED

• KWH 5,238,400 x 3,412Btu = 17,873.4 Btux lO6

" Mcf Gas 33,556 x l_/ 33,556 Btu x lO6

• Gal.Propane x 91,600Btu = --

" Gal.Oil x 14O,OOOBtu --

• Coke- lb. x 12,500Btu = --

TOTALBTU 51,429.4 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

(MillionBtu) 51,429 = I02.85 Btu x 106/Ton
(Units) 500

COST PER MILLION BTU

(Energy Cost) 424,469 $ 8.25 Cost/Btu x 106
(MillionBtu) 51,429.4

COST PER UNIT OF PRODUCTION

Total Cost) 424,469 = $ 848.93 Cost/Unit
Units) 500

l__/l Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2/ The electricalcost shown represents]980 calendar year costs and are based on 1979 energy
- consumption with "Time of Day" billing rates applied. The projected electrical cost is

used as a base for calculating cost savings by implementation of "Off-Peak" melting and
demand control.

3_/ All other energy costs are 1979 rates.

TABLE 6
D-9
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PRODUCTION STATISTICS
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i

ANNUAL PRODUCTION
PART "C"

FOUNDRY "D" CASTING METAL Alloy Steel

i

t iI PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE i
|

JANUARY N/A N/A N/A N/A !
(

FEBRUARY i

MARCH
i

APRIL

MAY
!

JUNE

JULY I

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER "_ ,/ _/" ./

TOTALS l,O00 500.0 $15,000,000

AVERAGEMELT TONS/DAY= N/A

REPORTED % SCRAP N/A
i

REPORTED% MELT LOSS N/A

AVERAGEFOUNDRYYIELD% 50.0

AVERAGE SALES VALUE/LB. N/A

TABLE1 iL
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OPERATIONAL DATA FACT SHEETS
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T
OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

FURNACE #I

Furnacemake N/A TransformerKVA 325

Model N/A PrimaryVoltage

Capacity 600# SecondaryVoltage

Output N/A tons/year

N/A tons/day

Alloy HIGH CARBON STEEL, STAINLESS AND HI ALLOY STEEL

Meltcycle 45 minutes

Tap quantity N/A Ibs.

Charge quantity N/A Ibs.

Tap temperature N/A °F

Holdingtemperature N/A °F

Slag cycle N/A minutes

Fume collection N/A CFM

Water cooling N/A GPM, Temp N/A In °F N/A Out °F

Type of refractory N/A

Energy consumption N/A KWH/YEAR

Energy cost 0.04 C/KWH

TABLE l
D-12 SHEET1of3
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OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

FURNACE #2

Furnace make N/A Transformer KVA 150

Model N/A Primary Voltage

Capacity 200 SecondaryVoltage

Output N/A tons/year

N/A tons/day

Alloy SAME AS FURNACE#I

Melt cycle 25 minutes

Tap quantity N/A Ibs.

Charge quantity N/A Ibs.

Tap temperature N/A oF

Holding temperature N/A oF

Slag cycle N/A minutes

Fume collection N/A CFM

Water cooling N/A GPM, Temp N/A In °F N/A Out °F

Type of refractory N/A

Energy consumption N/A KWH/YEAR

Energy cost 0.04 C/KWH

TABLE 1
D-13 SHEET2 of 3



OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

FURNACE #3

Furnace make N/A Transformer KVA 150

Model N/A Primary Voltage

Capacity 30# Secondary Voltage

Output N/A tons/year

N/A tons/day

Alloy SAMEAS FURNACE#I

Melt cycle 7 minutes

Tap quantity N/A Ibs.

Charge quantity N/A Ibs.

Tap temperature N/A °F

Holding temperature N/A °F

Slag cycle N/A minutes

Fume collection N/A CFM

Water cooling N/A GPM, Temp N/A In °F N/A Out °F

Type of refractory N/A

Energy consumption N/A KWH/YEAR

Energy cost 0.04 C/KWH

TABLE 1
D-14 SHEET3 of 3
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OPERATIONAL DATA FACT SHEET

BURN-OUT FURNACES(TWO SUCH)

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A NO. OF BURNERS 8

SIZE 7' x 7' x 12' TYPE Pre Mix SIZE 1,000,000 BTU/HR

CAPACITY N/A LBS. FUEL Natural Gas

TYPE OF LINING 9" Fiber Linin_ AFTER BURNER _KE N/A

MODEL N/A
EXHAUST
BLOWERMAKE N/A TYPE Pre Mix SIZE 350,000BTU/HR

MODEL N/A OPEraTING HOURS

SIZE CFM. PRESS "WG MAIN BURNER 120 Hrs/Wk

VOLT HP AFTER BURNER 50 Hrs/Wk

TYPE OF FURNACECYCLE N/A

FURNACE CYCLE - HEATUP N/A HRS FUEL/AIR RATIO N/A
HIGH LOW

- SOAK N/A HRS FLUE TEHPERATURE N/A °F N/A °F

CYCLES PER WEEK N/A FURNACE PRESSURE N/A

TE_PERATURE 2,10O°F CO2 IN FLUE GAS N/A

LOAD DENSITY - N/A FUEL CONSUMPTION N/A Therms/Day

REMARKS:

TABLE 2
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OPERATIONAL DATA FACT SHEET

BURN-OUT FURNACES (ONE SUCH)

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A NO. OF BURNERS

SIZE l' x 7' x 12' TYPE Pre _lix SIZE 400.000 BTU/HR

CAPACITY N/A LBS. FUEL Natural Gas

TYPE OF LINING 9" Fiber Lininq AFTER BURNERr_E N/A

MODEL N/A=.,

EXHAUST
BLOWER MAKE N/A TYPE Pre Mix SIZE 350,000 BTU/HR

MODEL N/A OPEraTING HOURS

SIZE__ CFM. PRESS. "WG MAIN BURNER 120 Hrs/Wk

VOLT BP AFTER BURNER 50 Hrs/Wk

TYPE OF FURNACE CYCLE N/A

FURNACE CYCEE - HEATUP N/A HRS FUEL/AIR RATIO N/A
HIGH LOW -

- SOAK .NIA HRS FLUE TE_IPERATURE N/A °F .N/A °F

CYCLES PER WEEK N/A FURNACE PRESSURE N/A

TEMPERATURE 2,100°F CO2 IN FLUE GAS N/A

LOAD DENSITY - N/A FUEL CONSUMPTION N/A Therms/Day

REMARKS:

TABLE 2
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

LADLE CAP TONS N/A HEAT CYCLES/DAY N/A

LADLE AREA INSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED No TYPEOF LININGConventionalF.B.

INSIDETEMP N/A OF OUTER SHELL TEMP N/A OF

/V_BIENTTEMP Varies OF

GAS USAGE/HR 250 * CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CR_ PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A OF

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUEL COST/THERM$ 0.33 ANNUAL USE 600 * BTU x IO6

NUMBEROF UNITSIN USE One

• Assumed

TABLE 3
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OPERATIONAL DATA FACT SHEET

HEAT TREAT FUrnACES (ELECTRIC)

FURNACEMAKE MODEL .,Vacuum

SIZE N/A INSIDE 7' Dia. x 6' Long OUTSIDE

CAPACITY 3_000 LBS. TYPE N/A

WALL THICKNESS N/A TEMP. RANGE N/A °F

HEATINGELEMENT 440 VOLTS 95 AMPS 150 kW

HEAT TREAT CYCLE HEAT-UP N/A HRS

SOAK N/A HRS

COOL DOWN N/A HRS

CYCLES PER WEEK N/A

ELECTRICALCONSUNPTION N/A KWH/CYCLE

REMARKS:

TABLE 4
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OPERATIONAL DATA FACT SHEET

HEAT TREAT FURNACES(ELECTRIC)

FURNACEMAKE Globar MODEL N/A

SIZE N/A INSIDE 5'-6'x 5' hiqh OUTSIDE

CAPACITY N/A LBS. TYPE N/A

WALLTHICKNESS N/A TEMP. RANGE 1400 - 2100 °F

HEATINGELEMENT 250 VOLTS 200 AMPS kW

HEATTREATCYCLE HEAT-UP N/A HRS

SOAK N/A HRS

COOLDOWNN/A HRS

CYCLESPERWEEK N/A

ELECTRICALCONSUMPTION N/A KWH/CYCLE

REd,ARKS:

TABLE 4 j
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OPERATIONAL DATA FACT SHEET

HEAT TREAT FURNACES(ELECTRIC)

FURNACE_KE N/A MODEL Pit Type

SIZE N/A INSIDE 5' dia. x 40" hi, OUTSIDE

CAPACITY N/A LBS. TYPE N/A

WALLTHICKNESS N/A TEMP. RANGE 500 - 1400 OF

HEATINGELEMENT II0 VOLTS I0 AMPS kW

HEATTREATCYCLE HEAT-UP N/A HRS

SOAK N/A HRS

COOLDOWN N/A HRS

CYCLESPERWEEK N/A

ELECTRICALCONSUMPTION N/A KWH/CYCLE

REMARKS:

TABLE 4
D-20 Sheet3 of3
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this study, certain input data is a
prerequisite in calculating potential energy savings from differ-
ent foundry processes. The lack of information pertaining to
combustion air analysis and gas flow rates to various equipment
precludes calculation of actual energy savings as illustrated in
SECFION II of this study.

Potential energy savings for upgrading gas-fired equipment
will be figured on a percentage basis; percentages used are con-
servative as compared to documented savings, from similar chang-
es, as recorded by the Foundry Industry.

Electrical energy savings are factual. Calculations are
based on actual kilowatts consumed by melt furnaces. Load pro-
files were developed from utility company computerized data for
15- to 30-minute periods.

Z]KaG D-21 []



ELECTRICAL ENERGYCOST SAVINGS

Electrfcal power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work sheets.

Percentage of total energy usage by electrical load:

= Electrical Energy = 17,873.4 x 106- x I00 = 34.75%
Total Energy 51,429.4 x IOb

l-/Melting energy usage at 30% : 5,238,400 x 30

: 1,571,520 KWH

Based on a sample billing period of one month each at summer and winter
rate schedules, the cost reduction potential is:

I. Demand Control
Summer Winter Total

Normal melting cost _/ $ 8,629 $ 7,601 $16,230

Demandlimited cost _/ 7,955 7,407 15,362

Reduction $ 868

Reduction in cost = 5.3%
Percent savings = Normal cost of melting

Therefore, annual savings:

: Melt. KWHx Avg. Cost/KWH* x Percent Savings

= 1,571,520 x .06 x .053 = $4,g97/year

For graphic illustration of methodology used in calculating
electrical savings see Figures 1 and 2.

2. Off-Peak Meltin 9 _/
Summer Winter Total

Normalmelting cost $ 8,629 $ 7,601 $16,230

Off-Peak melting cost 6,748 6,845 13,593

Total $2,637

*Note: 1980 energy costs used.

l-/Work sheet - Table 5

2-/Worksheet - Table 1 |

_/Work sheet - Table 2 ]_/Work sheet - Table 3
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2,637
Percentsavings : _,230 - 16.2%

Therefore, annual savings:

= Melt. KWH x Avg. Cost/KWH*x PercentSavings

= 1,571,520 x .06 x .162 = $15,275/year

For graphic illustration of methodology used in the calculation of
electrical savings see Figure 3 and 4.

3. Demand Limiting and Load Shifting

Summer Winter Total

Normalmeltingcost $ 8,629 $ 7,601 $16,230

Revisedmelting cosi_5/ 7,466 7,199 14,665

Total 1,565

1,565
Percentsavings = T6,230 = 9.6%

Therefore, annual savings:

= Melt. KWH x Avg. Cost/KWH*x PercentSavings

= 1,571,520 x .06 x .096 = $9,052/year

For graphic illustration of methodology used in these calculations
of electrical savings see Figures 5 and 6.

*Note: 1980 energy costs used.

5/ Work sheet - Table 4
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FOUNDRY "D"

NORMAL MELTI NG-SUMMER

Demand Charqes:

"On-peak" per kilowatt of maximum demand

Total on peak 400 kWat $ 2.50 $ 1,000

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 408 kWat $0.30 $ 122

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 368 kWno charge $ 0

Subtotal $ 1,122

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 29,400 x ¢O.022/kwh $ 647

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm .8 hrs/day

Total kilowatt hours 45,110 x ¢O.019/kwh $ 857

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 58,750 x ¢O.010/kwh $ 588

Subtotal $ 2,092

Fuel Adjustment Charges:

Total kilowatt hours = 133,263 x ¢0.04063 $ 5,415

GRAND TOTAL for (demand, energy and fuel adjustment charges)$ 8_629

TABLE 1
D-24 SHEET1 of 2



FOUNDRY "D"

NORMAL MELTING-WINTER

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total Qn peak 340 kW at $ 0.75 $ 255

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 394 kW at $0.25 $ 99

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 355 kW no charge $ 0

Subtotal $ 354

Energy Charge:

"On-pe_k" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 17,571 x ¢O.019/kwh $ 334

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to I0:30 pm lO hrs/day

Total kilowatt hours 60,847 x ¢O.014/kwh $ 852

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am lO hrs/day

Total kilowatthours 56,783 x ¢ 0.010 $ 568

Subtotal $ 1,754

Fuel Adjustment Charges:

Total kilowatt hours = 135,200 x ¢ 0.04063 $ 5,493

GRAND TOTAL for (demand, energy and fuel adjustment charges)$ 7,601

TABLE 1
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FOUNDRY "D"

DEMANDLIMITING (SUMMER)

Demand Charaes:

"On-peak" per kilowatt of maximum demand

Total on peak 160 kWat $ 2.50 $ 400

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 160 kWat $ 0.30 $ 48

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 160 kWno charge $ 0

Sub£otal $ 448

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 29,400 x ¢ O.022/kwh $ 647

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to 10:30 pm 8 hrs/day

Total kilowatt hours 45,110 x ¢ O.Ol9/kwh $ 857

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 58,750 x ¢ O.010/kwh $ 588

Subtotal $ 2,092

Fuel Adjustment Charges:

Total kilowatt hours = 133,263 x ¢ 0.04063 $ 5,415

GRAND TOTAL for (demand, energy and fuel adjustment charges) S 7_955

TABLE 2
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FOUNDRY "D"

DEMAND LIMITING (WINTER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 160 kWat $ 0.75 $ 120

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 160 kWat $ 0.25 $ 40

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 160 kWno charge $ 0

Subtotal $ 160

Energy Charge:

"On-peak" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatthours 17,571 x ¢ O.019/kwh $ 334

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to I0:30 pm lO hrs/day

Total kilowatthours 60,847 x ¢ O.014/kwh $ 852

"Off-peak" kilowatt hours:

lO:3O pm to 8:30 am lO hrs/day

Totalkilowatthours 56,783 x ¢ 0.010 $ 568

Subtotal $ 1,754

Fuel Adjustment Charges:

Totalkilowatthours = 135,200 x ¢ 0.04063 $ 5,493

GRAND TOTAL for (demand, energy and fuel adjustment charges)$ 7,407

TABLE 2
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FOUNDRY "D"

OEF-PEAK MELTING (SUMMER)

Demand Charoes:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $ 2.50 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 0 kWat $ 0.30 $ 0

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 408 kWno charge $ 0

Subtotal $ 0

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 0 x ¢ O.022/kwh $ 0

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to I0:30 pm 8 hrs/day

Total kilowatt hours 0 x ¢ O.019/kwh $ 0

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am lO hrs/day

Total kilowatt hours 133,263 x ¢ O.010/kwh $ 1,333

Subtotal $ 1,333

Fuel Adjustment Charges:

Total kilowatthours = 133,263 x ¢ 0.04063 $ 5,415

GRA_;D TOTAL for (demand, energy and fuel adjustment charges)$ 6,748

TABLE 3
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FOUNDRY "D"

OFF-PEAK MELTING (WINTER)

Demand CharGes:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $ 0.75 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 0 kWat $ 0.25 $ 0

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 394 kWno charge $ 0

Subtotal $ 0

Energy Charge:

"On-pehk" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 0 x ¢ O.019/kwh $ 0

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 0 x ¢O.Ol4/kwh $ 0

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am lO hrs/day

Total kilowatt hours 135,200 x ¢O.010/kwh $ 1,352

Subtotal $ 1,352

Fuel Adjustment Charges:

Total kilowatt hours = 135,200 x ¢0.04063 $ 5,493

GRA_:DTOTAL for (demand, energy and fuel adjustment charges)$ 6,845

TABLE 3
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FOUNDRY "D"

ON-PEAK MELTING SHIFTED TO PARTIAL AND OFF-PEAK

(SUMMER) WITH DEMAND LIMITING

Demand Charqes:

"On-peak" per kilowatt of maximum demand

Totalonpeak 0 kWat$2.50 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 160 kw at $ 0.30 $ 48

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 160 kWno charge $ 0

Subtotal $ 48

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatt hours 0 x ¢ O.022/kwh $ 0

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to I0:30 pm .8 hrs/day

Total kilowatt hours 74,510 x ¢ O.019/kwh $ 1,416

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am lO hrs/day

Total kilowatt hours 58,750 x ¢ O.OlO/kwh $ 588

Subtotal $ 2,004

Fuel Adjustment Charges:

Total kilowatthours : 133,263 x ¢ 0.04063 $ 5,414

GRA_;D TOTAL for (demand, energy and fuel adjustment charged $ 7,466

TABLE4
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FOUNDRY "D"

ON-PEAK MELTING SHIFTED TO PARITAL AND OFF-PEAK
(WINTER) WITH DEMANDLIMITING

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $0.75 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 160 kWat $ 0.25 $ 40

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 160 kW no charge $ 0

Subtotal $ 40

Energy Charge:

"On-pe_k" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 0 x ¢ O.019/kwh $ 0

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 78,418 x ¢O.Ol4/kwh $ 1,098

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 56,783 x ¢ O.010/kwh $ 568

Subtotal $ 1,666

Fuel Adjustment Charges:

Total kilowatt hours = 135,200 x ¢0.04063 $ 5,493

GRAND TOTAL for (demand, energy and fuel adjustment charges)$ 7,199

TABLE 4
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TOTAL MELTING ENERGY (Use actual metered consumption if available
or estimate as follows:l

Annual tons shipped
Overall Foundry yield % = Total tons melted per year

Total tons melted X average kWh/ton = Total energy

Example:

Annual tons shipped = 500 = 1,000
Foundryyield % .5

(a) Therefore, Tons melted/year X kWh/ton* = l,O00 x 1,572

= 1,572_000 KWH

Percent melting energy of total electrical usage

(a) KWH %
Total Electric Energy KWH

= 1,572,000 = 30%
5,238,400

*Note: kWh/ton determined from actual melt cycle or use industry
average for type of furnace and metal melted.

TABLE 5
D-32
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Upgrading Heat Treat Furnace

Improved efficiency by upgrading of lining

materials can be realized in the order of

percent energy loss reduction as

follows:

Heat loss through furnace walls (typical lining)

= 289 Btu/Hr/sq.ft.

Improvedliningmaterial= 87 Btu/Hr/sq.ft.

201Btu/Hr/sq. ft.

Percent improvement = 70%

Energy reduction based on furnace wall areas as follows:

Vacuum - 125 sq. ft.

Globar - 137 sq. ft.

Pit type - 53 sq. ft.

315 sq. ft. X 201Btu/Hr/sq. ft.

= 63,300 Btu/hr

Based on 6 Hours/dayutilization= 380,000Btu

Heat input

Vacuumfurnace 150 KW

Globarfurnace 50 KW

Pittypefurnace l.l KW

Total 201.1

Operatingbasis 6 hrs/day= 1,206.6KWH/day

= 4.12 X lO6 Btu/day

Ke,G D-39
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Energy cost reduction= 380,000= Ill KWH/day

3,4!2

@ $O.04/KWH= $4.44/day

Annual cost reduction = $I,065

Percent energy savings = Ill = 9.2%

1,206.6

Annual Energy reduction = Ill X 240

= 26,640 KWH

@ 3,412 Btu/KWH= 90.9 X lO6 Btu

KaG D-40 []



UPGRADING LADLE HEATERS

Annual gas usage for ladle heating (assumes) = 600 BTU x 106
or 6,000 Therms/yr

Energy savings can be realized by upgrading ladle heaters in

the following areas:

• Install ladle covers

• Install ceramic fiber insulation

• Install high efficiency burner system

Approximately 40% increase in ladle heating efficiency is possible,

therefore--

Potential energy savings (6,000 x 0.4) = 2,400 Therms/yr

Potential cost savings (2,400 therms x 0.33) = $ 792.00/yr

_i K _ G D-41 []
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UPGRADING BURN-OUT FURNACES

From Table IV, Part B of this section. Approximately 4629 cu. ft.

of gas is consumed per hour; this figure includes 560 cu. ft. of gas

consumption for the gas fired heat treat furnace which is not

operational -- therefore, probable consumption is:

2750 CFH x 100 = 67.5%
4069 CFH

Total Annual Gas Usage = 335,560Therms/yr

Total Annual Gas Cost = $II0,165.00

Average Gas Cost = $0.33/Therm

Substantial energy savings can be realized by upgrading the burn-out

furnaces in the following areas:

• Install ceramic fiber insulation liners

• install high efficiency burner system on primary

and after burn operations

• Install recuperator for combustion air pre-heating

Potential energy savings (based on 56% increase in efficiency) is

(0.675x 335,560x .56) = 126,841Therm/yr

Potential cost savings

(126,841x .33) =$41,857.00/yr

KaG D-42
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PART F

ECONOMIC ANALYSIS

Payback period is calculated as follows:

Total Capital Investment
Gross Energy Cost Reduction/year : years

Payback years for individual projects are listed in Part G, based on

order of magnitude costs as follows:

• Off-peakmelting -0-

• Load shifting and demand limiting $ I0,000

" Upgradeheat treat furnaces I0,000

• Upgradeladle heaters 3,000

• Demandcontrol I0,000

• Upgradeburn-out furnaces 80,000

The following conditions could lower the anticipated payback period

considerably:

" Present day equipment costs used (while the energy savings cost

is based on 1979 calendar year average energy costs, with the

exception of electrical costs which are based on 1980 rates).

• No credit taken for government tax break for installation of

energy saving devices.

• Calculation of return on investment utilizing life-cycle costing

methods, which take into account depreciation, cost of money and

escalation of energy cost over the lifetime of the equipment, will

possibly make the capital investment attractive.

l
K & G

D-43 [] '



PART G

SUMMARY OF ENERGY REDUCTION PROCEDURES



i ii I II III,IIIIIIII I Ik

PART G

SUt_4ARYOF ENERGYREDUCTION

ALTERNATE 1

SUMMARY TABULATION

ENERGY COST PAYBACK
ITEM SAVED SAVINGS CAPITAL PERIOD

BTUx 106 $ INVESTMENT YEAR

Demandcontrollers -- $ 4,997 $ I0,000 2.0

Upgrading heat treat
furnaces (Electric) 90.9 1,065 I0,000 9.4

Upgrading ladle heaters 240 790 3,000 3.8

Upgradingburn-out
furnaces 12,684.1 41,860 80,000 1.9

I I I I i I

TOTAL 13,015.0 $48,712i $ 103,000 2.11
I I J I I

TABLE 1
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PART G

SU_4ARY OF ENERGY REDUCTION

ALTERNATE 2

SUMMARYTABULATI ON

ENERGY COST PAYBACK
ITEM SAVED SAVINGS CAPITAL PERIOD

BTUx 106 $ INVESTMENT YEAR

Load shifting and demand
controller $ 9,052 $ I0,000 I.I

Upgrading heat treat
furnaces (Electric) 90.9 1,065 I0,000 9.4

Upgrading ladle heaters 240.0 790 3,000 3.8

Upgrading burn-out
furnaces 12,684.1 41,860 80,000 1.9

TOTAL 13,015.0 $52,767 $ 103,000 1.95

TABLE 2
D-45
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PART G

SUF_ARY OF ENERGY REDUCTION

ALTERNATE 3

SUMMARY TABULATION

[ ! '_

ENERGY COST PAYBACK
ITEM SAVED _ SAVI'NGS CAPITAL PERIOD

BTUx lO6 $ INVESTMENTYEAR
I I I I I

Off-peak melting -- $15,275 ....

Upgrading heat treat
furnaces(Electric) 90.9 1,065 $ I0,000 9.4

Upgradingladle heaters 240 790 3,000 3.8

Upgrading burn-out
furnaces 12,684.1 41,860 80,000 1.9

I I I i I

TOTAL 13,015.0 $58,990 $ 93,000 1.57
i

| = I I i

TABLE 3
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FOUNDRY "D"

PROJECTED ENERGY-EFFICIENCY RECORD

ALTERNATE l

MONTH OR YEAR RECORDED JUNE 1979 - MAY 1980

UNITSOFPRODUCTION 500NETGOODTONS

FUEL COSTS

" Electricity $ 308,242.00

• Natural Gas 67,515.00

" Propane -"

• Oil --

• Coke --

• Other --

TOTAL $ 375,757.00

ENERGY USED

• KWH 5,211,750 x 3,412Btu = 17,782.5 Btux lO6

• Mcf Gas 20,631.9 I/ 20,631.g Btu x lO6

• Gal.Propane x gl,600Btu =

• Gal.Oil x 140,000Btu

• Coke-,lb. x 12,500Btu

TOTAL BTU 38,414.4 Btu x lO6

ENERGY USED PER UNIT OF PRODUCTION

Million BtuI 38_414.4 76.83 Btu x 106/Ton
Units) 500

COST PER MILLION BTU

(EnergyCost) 375,757 = $ 9.78 Cost/Btu x 106
(Million Btu) 38,4]4.4

COST PER UNIT OF PRODUCTION

lotal Cost) 375,757 = $ 751.50 Cost/Unit
Units) 500

l._/I Mcf = l,O00 cu.ft,/hr - See Gas Bill for Btu content/cu.ft.

TABLE 4
i i
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FOUNDRY "D"

PROJECTED ENERGY-EFFICIENCY RECORD

ALTERNATE 2

MONTHOR YEARRECORDED JUNE1979- MAY1980

UNITSOFPRODUCTION 500NETGOODTONS

FUEL COSTS

• Electricity $ 304t187.00

• NaturalGas 67,515.00

• Propane --

• Oil --

• Coke --

• Other --

TOTAL $ 371,702.00

ENERGY USED

" KWH 5,211,750 x 3,412Btu = 17,782.5 8tux I08

• Mcf Gas 20,631.9 l_/ 20,631.9 Btu x I06

• Gal.Propane x 91,600Btu = --

" Gal.Oil x 140,000Btu : --

• Coke- lb. x 12,500Btu = --

TOTALBTU 38,414.4 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

Million BtuI 38.414.4 76.83 Btu x 106/Ton
Units) 500 =

COST PER MILLION BTU

Ener_y CostI 371,702 = $ 9.67 Cost/Btu x I06
MillionBtu) 38,414.4

COST PER UNIT OF PRODUCTION

Total Cost) 371,702 = $ 743.40 Cost/UnitUnits) 500

I__/l Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 5
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FOUNDRY "D"

PROJECTED ENERGY-EFFICIENCY RECORD

ALTERNATE 3

MONTH OR YEAR RECORDED JUNE 1979 - MAY 1980

UNITSOFPRODUCTION 500NETGOODTONS

FUEL COSTS

• Electricity $ 297,964.00

• NaturalGas 67,515.00

• Propane ""

• Oil --

• Coke --

• Other "-

TOTAL $ 366,479.00

ENERGY USED

• KWH 5;211,750 x 3,412 Btu = 17,782.5 Btu x 106

• Mcf Gas 20_631.9 IJ 20_631.9 Btu x 106

• Gal. Propane x 91,600 Btu = --

• Gal. 0ii x 140,000Btu = --

• Coke - lb. x 12,500 Btu = --

TOTALBTU 38,414.4 Btux IO6

ENERGY USED PER UNIT DF PRODUCTION

(Million Btu) 38,414.4 : 76.83 Btu x 106/Ton
(Units) 500

COST PER MILLION BTU

(Energy Cost) 366,479 = $ 9.54 Cost/Btu x 106
{MillionBtu) 38,414.4

COST PER UNIT OF PRODUCTION

Total Cost) 366,479 $ 732.90 Cost/Unit
Units) 50O "'

IJ l Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 6
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FOUNDRY "E"

PART A

GENERAL DESCRIPTION

Steel castings including 15% high alloy and 20% low alloy, plain

carbon steel are produced one shift per day with melting carried out

from 8:00 a.m. - lO:O0 p.m.

FACILITIES

Buildingarea 107,500SF

Manningtotal 230

Averageshipments 3578.5 tons/year

Annual sales value $9.5 million

MELTING

One electric arc furnace lO-ton capacity (3,600 kVA).

EQUIPMENT

Molding systems comprise squeezer units and no-bake methods with

green sand systems sand mullers, 70 hp and 20 hp, A 10 hp blender is

provided for no-bake. Cleaning room provides grinders, wheelabrators,

and room blast capabilities. Material handling is mainly by overhead

crane. Two HT furnaces are available. Core sand mixing is served by

a 20 hp blender.

_KaG E-2 []
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FOUNDRY"E"

ELECTRICALPOWER USAGE2-/

FUEL
BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS

BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE l/ CHARGE BILL NET BILL

SEPTEmbER1978 792,000 3,600 28,860 (954) 3,411 32,271 $ 31,316.00

OCTOBER 1978 816,000 3,840 29,763 (992) 3,616 33,379 32,387.00

NOVEMBER 1978 804,000 3,600 29,234 (969) 3,411 32,645 31,676.00

DECEMBER 1978 720,000 3,480 26,330 (884) 3,310 29,640 28,831.00

JANUARY 1979 732,000 3,600 27,334 (914) 3,41] 30,745 29,831.00

FEBRUARY 1979 876,000 3,600 33,152 (1,003) 3,411 36,563 35,560.00

MARCH 1979 744,000 3,840 28,584 (970) 3,616 32,200 31,230.00

APRIL 1979 " 780,000 4,440 30,168 (1,053) 4,129 34,297 33,244.00

MAY 1979 708,000 4,200 27,488 (994) 3,924 31,412 30,418.00

JUNE 1979 756,000 3,840 29,010 (973) 3,616 32,626 31,653.00

JULY 1979 672,000 3,600 25,903 (885) 3,411 29,314 28,429.00

AUGUST 1979 732,000 3,600 28,035 (926) 3,411 31,446

TOTALS 9,132,000 343,861 (11,517) 42,677 386,538 $375,021

I_/ INCLUDESCREDIT FOR VOLTAGE DISCOUNT AND POWER FACTORADJUSTMENT.

2_/ RATE SCHEDULE A-I.

375.021
AVERAGE ELECTRICITYCOST 9--__,3_-,D00""= $ O.04/KWH

TABLE ]
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FOUNDRY "E"

ANNUAL GAS CONSUMPTIONS/

PERIOD THERMS BTUX 106 COST

SEPTEIIBER1978 41,I13 4,111.3 $ 8,702.00

OCTOBER 1978 40,859 4,085.9 8,583.00

NOVEMBER1978 43,717 4,371.7 9,194.00

DECE_IBER1978 36,122 3,612.2 7,582.00

JANUARY1979 25,592 2,559.2 5,405.00

FEBRUARY1979 43,013 4,301.3 9,156.00

MARCH1979 51,407 5,140.7 10,937.00

APRIL1979 42,276 4,227.6 8,984.00

MAY1979 47,628 4,762.8 lO,108.00

JUNE1979 41,416 4,141.6 9,708.00

JULY1979 41,416 4,141.6 9,708.00-_-I/

AUGUST1979 29,925 2,992.5 7,280.00

TOTALS 484,484 48,448.4 $ I05,347.00

HEAT CONTENTOF GAS = 1,066 BTU/CU FT (FROM BILL)

100,000 BTU = 1 THERM

_/ JULY BILL MISSING (USED JUNE"FIGURES).

2/ 1978 COST BASED ON G.50 RATE SCHEDULE.
1979 COST BASED ON GN2 AND GN3 RATE SCHEDULE.

AVERAGE COST OF GAS = I05,347
484,484 = .$0.22 PER THERM

TABLE 2
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FOUNDRY "E"

DESCRIPTION AND POWER USAGE OF ELECTRICAL EQUIPMENT

I

OPERATION

i EQUIPMENT TYPE CAPACITY HRS/DAY UAYS/MO H.P.' KWH SERVICE
q

SAND SYSTEM

SCREEN lO if
! ; I I I i • q]

AERATOR l0
F

! i I I I r i |

MULLER #3 J

20 II F i I i I |
I

HULLER#2 40 I

SAND SCRUBBER ; i 40
, ! L i , , , ,,

HAMMERMILL 20

, , ! ! _ _ ,,

SHAKEOUT #] i 40

r , _ J i I '!

SAND ELEVATOR i

q
I

SUBTOTAL i 195
t ' ' ' I ' '

CLEANING ROOM II I I I I I I I

GRINDER #I 25

I I I I I I I I I

GRINDER #2 25

i [ i I I l I I I

BLOWER #I 30 I
I I I i I I i I I

BLOWER#2 i lO

I I I I I i I i I

WHEEL ABRATOR #| I0

i ! I I I I I I I

WHEEL ABRATOR #2 Ii 20

WHEEL ABRATOR #3 20

WHEEL ABRATOR #4 ; 20

t i I _ Ii I I

SUBTOTAL IBO
! i i a i j i i

TABLE 3
- ! I
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TABLE 3 (CONTINUED)

i

I i ' OPERATION j I l

; IHRS/DAYIDAYS/MOI H.P. KWH I SERVICE, EQUIP_IENT , TYPE iCAPACITY, i I ' 1
l ,, ,

COMPRESSORROOM i

' h I i I
I i i " I '

COMPRESSOR#] 125

i , , ! i, I
COMPRESSOR#2 125

I ! I ! I
p i

COMPRESSOR#3 150 I
! f I I I I

COMPRESSOR#4 100 i
, p i 1 l ! _I

COMPRESSOR#5 125

'iI i i, _ i ,

COMPRESSOR#6 ] 125i I I r I

' IGENERATOR#I 75

, ! , , , z I i,
IGENERATOR#2 lO0

I f I I I I _ II
GENERATOR#3 150

I i ! I 1 1 _ Ii

SUBTOTAL jl,o75]
i ! ! I I II

MISCELLANEOUS I

I ! I I I I ,I _1

INCLINECONVEYOR 15 1i

i , ! ! l I i l I
SHAKEOUT#2 I0

I I ! I i I I I

BLENOER I IOI i
i _ ! I I i I Ii

3-TON CRANE lO _ I

I _ I ! I I !I
i

BAGHOUSE #I 80 [
II I I ; I

BAGHOUSE #2 1 130

! I i [ I I ;I

BAGHOUSE #3 125

I ' i I I I

BAGHOUSE #4 j 551

TABLE 3
|
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TABLE 3 (CONTINUED)

' OPERATION 1 'KW

EQUIPMENT TYPE iCAPACITY HRS/OAY DAYS/MO H.P. II SERVICE ,! l

MISCELLANEOUSIContinued) i i
I [ , I I I F I I

CRANE #3 40

i I I J I I [ I

i
CRANE #4 i 40

h i [ I II I

CRANE #7 27

SUBTOTAL 542

I I I I

TOTAL 1,972

I i I I T I i I

i

ARC FURNACE lO-Ton 3,600,
t I I I I t |

i

J i l i i I !

i i i i i i |
p

! [ I I i i ! |

, ! , ! , , ,

i i i i h I

i
i i

a

' ' ' i I

! i _ i |

[ i i i i i |

i i i i !L i L I |

TABLE 3
!
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FOUNDRY"E"

DESCRIPTION AND FLOW RATES OF GAS-FIRED EQUIPMENT

I i , |
BURNERS OPERATION "

, , , AVERAGEMAXIMUM
EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH

I I I I I I I I I

HEATTREAT NORMAL- 1 PREMIX 16 26 825 2,500FURNACE#1 IZING

I ! I I i t t i I
3 O&G BURN.

I I i' ,I I I I I I

HEAT TREAT NORMAL- l PREMIX ! 16 26
FURNACE#2 IZING

I I I I I I I l I
I

30&G BURN. _ 825 2,500

I I I I I ! I I |

HEAT TREAT ANNEALING l PREMIX
FURNACE #3

I I I I I I I I I
i

7 O&GBURN. 16 26 2,300 J 7,000

I t ! l I I l I ' l
HEAT TREAT CAR

i FURNACE#4 BOTTOM 1 O&G BURN. 16 26 i 1,300 4,000
I i l i L I I f I

CORE BAKE OVEN #1 COLEMAN l O&G ,BURN. 16 26 175 500

l j i i i I I i f
COREBAKEOVEN#2 COLEMAN l O&GBURN. 16 26 175 500

I I i I I l I I I

i AFTERBURN#l COREOVEN l ATHOS. 16 26 575 2,500

, s I , i i , i i
AFTER BURN #2 CORE OVEN l ATHOS. 16 26 575 2,500

LADLEHEATER#1 1 PREMIX,NA 16 26 ],500 3,000

I I { I I I I I

LADLEHEATER#2 j l ATMOS. 16 26 200 500
, I I I I t I I

TABLE 4
l
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FOUNDRY "E"

DESCRIPTION AND FLOW RATES OF GAS-FIRED EQUIPMENT

I

BURNERS OPERATION
AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH

LADLEHEATER#3 5 VENTURI 16 26 500 1,500

CUTTINGTORCHES HARRIS 16 26 50 200

WATERHEATERS 2 ATMOS. 16 26 50 lO0
i

i
SPACEHEATERS 2 ATMOS. 16 26 50 i 200

TOTALS 9,100 27,500
|

I

TABLE 4
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FOUNDRY "E"

1979 ENERGY-EFFICIENCYRECORD

MONTHOR YEARRECORDED SEPTEMBER1978 THROUGHAUGUST1979

UNITS OF PRODUCTION 3,578.5
NET GOOD TONS SHIPPED

FUEL COSTS

• Electricity $ 375,021.00

• Natural Gas 105,347.00

• Propane NONE

• Oil

• Coke NONE

• Other NONE

TOTAL 4Rn_3_R 00

ENERGY USED

• KWH 9,132,000 x 3,4]2 Btu = 31.158.3 Btu x IO6

• Mcf Gas 48,448 x I_/ 48,448 Btu x 106

• Gal. Propane x 91,600 Btu = NONE

" Gal. Oil x 140,000Btu =

• Coke - lb. x 12,500 Btu = NONE

TOTAL BTU 79,606 Btu x 106

EtERGY USED PER UNIT OF PRODUCTION

IMillion = 22.24
Btu) 79,606

Units) 3,578.5

COST PER MILLION BTU

(EnergyCostI 480,368 6.03 Cost/Btu x IO6
(MillionBtu) }9,hUb =

COST PER UNIT OF PRODUCTION

(TotalCost) 480,368 134.24= Cost/Unit
(Units) 3,blB.b

I_./1Mcf = l,OOO cu.ft./hr m See Gas Bill for Btu content/cu.ft.

TABLE 5
E-IO
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FOUNDRY "E"

ENERGY - EFFICIENCYRECORD 2/ 3/

MONTH OR YEAR RECORDED 1980 PROJECTED (ELECTRICALONLY)

U,_ITSOF PRODUCTION 3,578
NET GOOD TONS SHIPPED

FUEL COSTS

• Electricity $ 551,696.00

• Natural Gas I05,347.00

• Propane NONE

• Oil "

• Coke

• Other ,,

TOTAL $ 657,043.00

ENERGY USED

• KWH 9,132,00D x 3,412 Btu = 31,049 Btu x lO6

• Mcf Gas 48,448 x I_/ 48,448

• Gal. Propane x 91,600 Btu = NONE

• Gal. Oil x 140,000Btu = "

• Coke - lb. x IZ,500 Btu = "

• = ii

TOTAL BTU 79,497 Btu x IO6

ENERGY USED PER UNIT OF PRODUCTION

IMillion _ 22.22
Btu) 79,497

Units) 3,578

COST PER I41LLION BTU

(EnergyCost) 6571043 = 8.26 Cost/Btu x lO6
(Million Btu) 79,497

COST PER UNIT OF PRODUCTION

(Total Cost) 657,043 183.6 Cost/Unit
(Units) 3,578

_/ I Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2/ The electricalcost shown represents 1980 calender year costs and are based on
1979 energy consumptionwith "1980" billing rates applied. The projected elec-
trical cost is used as a base for calculatingcost savings by implementationof
demandcontrols.

_3/ A11other energy tests are 1979 rates.

TABLE 6
E-11 j
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PROJECTEDELECTRICAL RATE A-8
COST FOR 1980

i
i i Fuel

i I Adj.: Kilowatt Demand Kilowatt Energy i Cost Total
!Month Demand Charge _ Hours Cost t .01052 Cost

1 i
Jan. 3,600 18,068 1 732,000 19,729 I 7,700 45,497

. l

Feb. '3,600 18,068 ; 876,000 20,340 9,215 47,623

March 3,840 19,273 _ 744,000 20,022 i 7,826 47,121

April 4,440 22,284 : 780,000 17,957 8,205 48,446

May : 4,200 21,080 i 708,000 18,263 ! 7,448 47,691
I

June i 3,840 19,273 i 756,000 21,782 7,953 49,00_

July _ 3,600 18,068 672,000 18,580 7,069 43,717
I

Aug. 3,600 18,068 732,000 19,522 7,700 45,290
i i

Sept. I 3,600 18,068 792,000 17,738 8,331 44,137

Oct. i 3,840 19,273 816,000 18,874 8,584 46,731
i

Nov. 3,600 18,068 804,000 16,796 8,458 43,322

Dec. f 3,480 17_466 702,000 18T262 7t385 43_113
I

( $227,057 227,865 , 95,875 551,696

551,696 .06 per kwh
Average ElectricalCost =_

TABLE 7
i
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!

ANNUAL PRODUCTION

FOUNDRYCODE E CASTINGMETAL SteelCastings

, I

PERIOD i MELT TONS SHIPPEDTONS HEAT TREAT TONS SALES VALUE
I

JANUARY 941.1 301,6 N/A NtA

FEBRUARY 711.] 290.5

MARCH 846.2 265.3

APRIL 789.5 369.2 i

MAY 828.3 284.6 i

JUNE 754.6 218.2

JULY 725.6 330.4

AUGUST 817.6 293.9

SEPTEMBER 587.7 397.5

OCTOBER 771.I 275.8

NOVEMBER 771.1 275.7

DECEMBER 771.I 275_8 _r

TOTALS 9,315 3,578.5 $9,500,000

AVERAGEMELT TONS/DAY= 42.34

REPORTED% SCRAP N/A

REPORTED%MELT LOSS N/A

AVER&GEFOUNDRYYIELD% 38.42

AVERAGE SALES VALUE/LB.

i

TABLE ]
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OPERATIONAL DATA FACT SHEET

ARC FURNACE DATA

Furnacemake N/A ElectrodeDia. N/A inches

Shell Dia. N/A FEET Transformer 3,600 KVA

Depth N/A INCHES Primary.... N/A VOLT

Capacity_ TONSTaps1st VOLT

2nd VOLT

3rd VOLT

Output Tons/YR

Alloy STEEL

Melt cycle N/A minutes

Heat size N/A tons

Heats per day N/A

Taping temperature N/A OF

No. of Back charges. N/A

No. of slag cycles N/A

Blow down cycles 02. N/A minutes
C minutes

Type of fume collection:

Furnacepressure N/A oz

Exhaust N/A CFM

Water Cooling_ N/A GPM

Roof N/A , Glan N/A , Slag Door N/A , Basel N/A ,

Type of refractorylining. N/A

TABLE 1
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OPERATIONALDATA FACT SHEET

HEAT TREAT FURNACES

HEAT TREATING UNITS NO. l AND 2

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A MODEL N/A

SIZE N/A WFT TYPE PREMIX SIZE 2,500,Q00BTU/HR

CAPACITY N/A LBS. FUEL NATURALGAS - OIL STANDBY

TYPEOFLINING RECUPERATORF_KE NONE

WALL THICKNESS INCH MODEL -- TEMP -- °F

BLOWER MAKE N/A TYPE "- SIZE --

MODEL N/A CONTROLS _KE -°

SIZE -- CFM. PRESS -- "WG TYPE --

VOLT -- HP --

TYPE OF HEAT TREAT CYCLE ALLOY

HEAT TREAT CYCLE - HEATUPNIE..HRS FUEL/AIR RATIO N/A
HIGH

- SOAK N/A HRS FLUE TEMPERATURE N/A °F N/A °F

-COOL DOWN N/A HRS
SHELL _4EA_TEMPERATURE N/A ,°F

CYCLES PER WEEK N/A
FURNACE PRESSURE N/A "WC

TEMPERATURE 2,200 °F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A _ 02BASKETS N/A LBS

N/A % CO2
STOOLS N/A LBS

LOW N/A % CO
LOAD DENSITY N/A LBS/WFT

N/A % 02
QUENCH --AIR, --H20-- OIL

N/A % CO2
QUENCH TEMPERATURE -- °F

FUEL CONSUMPTION N/A THE_.IS/CYCLE

WALL AREA N/A SQ.FT.

WALL TEMPERATURENOT FACE T] N/A oF

WALL TEMPERATURECOLD FACE T2 N/A °F

AMBIENT TEMPERATURE VARIES oF

EXTERNAL SURFACEAREA N/A SQ.FT.

ENERGY COST/THERM $ 0.22

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE 2
E-16 SHEET l of 3
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TABLE 2 (CONTINUED)

HEAT TREATING UNIT NO. 3

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A MODEL N/A

SlZE N/A WFT. TYPE PREMIX SIZE 7,000,000 BTU/HR

CAPACITY N/A LBS. FUEL NATURAL GAS - OIL STANDBY

TYPE OF LINING N/A RECUPERATORMAKE NONE

WALL THICKNESS N/A INCH MODEL -- TEMP -- °F

BLOWER MAKE N/A TYPE -- SIZE --

MODEL N/A CONTROLS _KE --

SIZE -- CFM.PRESS-- "WG TYPE --

VOLT -- HP --

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP N/A HRS FUEL/AIR RATIO N/A
HIGH LOW

- SOAK N/A HRS FLUE TEMPERATURE °F °F

-COOL DOWN N/A HRS
SHELL _IEANTEMPERATURE °F

CYCLES PER WEEK N/A

FURNACEPRESSURE "WC
TEMPERATURE l,lO0 TO 1,750 oF

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A % 02BASKETS N/A LBS

N/A % CO2STOOLS N/A LBS
LOW N/A % CO

LOAD DENSITY N/A LBS/WFT

N/A % 02QUENCH -- AIR, -- H20 "- OIL

N/A % CO2QUENCH TEMPERATURE N/A oF

FUEL CONSUMPTION N/A THE_4S/CYCLE

WALL AREA N/A SQ.FT.

WALL TEMPERATUREHOT FACE TI N/A oF

WALL TEMPERATURECOLD FACE T2 N/A oF

AMBIENT TEMPERATURE VARIES oF

EXTERNALSURFACE AREA N/A SQ.FT.

ENERGY COST/THERM $ 0.22

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE 2
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TABLE 2 (CONTINUED)

HEAT TREATING UNIT NO. 4

FURNACEMAKE N/A BURNER MAKE N/A

MODEL N/A MODEL N/A

SIZE 8' x 12' WFT. TYPE O&G SIZE 4,000,000 BTU/HR

CAPACITY N/A LBS. FUEL NATURALGAS AND OIL STANDBY

TYPE OF LINING N/A RECUPERATORMAKE NONE

WALL THICKNESS N/A INCH MODEL -- TEMP "" °F

BLOWER MAKE N/A TYPE -" SIZE -"

MODEL N/A CONTROLS _KE ""

SIZE -- CFM.PRESS-- "WG TYPE ""

VOLT -- HP --

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP N/A HRS FUEL/AIR RATIO N/A
HIGH LOW

- SOAK N/A HRS FLUE TEMPERATURE N/A °F N/A °F

-COOL DOWN N/A HRS SHELL _IE/&'!TEMPERATURE N/A °F

CYCLES PER WEEK
FURNACE PRESSURE N/A "WC

TEMPERATURE 1,700 °F

AVERAGE LOAD N/A LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING N/A LBS

N/A % 02
BASKETS N/A LBS

N/A % CO2
STOOLS N/A LBS

LOW N/A % CO

LOAD DENSITY N/A LBS/WFT
N/A % 02

QUENCH --AIR, --H20 -- OIL N/A % CO2
QUENCH TEMPERATURE -- °F

FUEL CONSUMPTION N/A THE_'IS/CYCLE

WALL AREA N/A SQ.FT.

WALL TEMPERATUREHOT FACE T| N/A °F

WALL TEMPERATURECOLD FACE T2 N/A °F

AMBIENT TEMPERATURE VARIES °F

EXTERNAL SURFACEAREA N/A SQ.FT.

ENERGY COST/TNE_ $ 0.22

HEAT TREAT LOADS/DAY N/A

HEAT TREAT LOADS/YEAR N/A

TABLE 2
i
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

(LADLE NO. l)

LADLE CAP TOt_S N/A HEAT CYCLES/DAY N/A

LADLE AREA INSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED No TYPEOF LINING ConventionalF.B.

INSIDETEMP N/A OF OUTER SHELL TEMP N/A OF

AMBIENTTEMP Varies oF

GAS USAGE/HR 1,50O* CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CR4 PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A OF

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUEL COST/THERM$ 0.22 ANNUAL USE 1,728"* BTU x IO6

NUMBEROF UNITS IN USE One

* This is an average flow rate; maximum flow rate is 3,000 CFH
which is extracted from gas company records.

** Based on an average preheat cycle of 4 hours per day - 6 days
per week.

TABLE 3
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

(LADLE NO. 2)

LADLE CAP TONS N/A HEAT CYCLES/DAY N/A

LADLE AREA INSIDE N/A SQ FT. LININGTHICKNESS N/A

COVERED No TYPEOF LINING ConventionalF.B.

INSIDETEMP N/A OF OUTER SHELL TEMP N/A oF

AMBIENTTEMP Varies oF

GAS USAGE/HR 200* CU FT. CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A oF

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUEL COST/THERM$ 0.22 ANNUAL USE 230.4** BTU x lO6

NUMBER OF UNITS IN USE

* Average flow rate.

** Based on 4 hours per day - 6 days per week.

TABLE 3
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

' (LADLENO.3)

LADLE CAP TONS N/A HEAT CYCLES/DAY N/A

LADLE AREA INSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED No TYPEOF LINING ConventionalF.B.

INSIDETEMP N/A °F OUTER SHELL TEMP N/A °F

_BIENTTEMP Varies oF

GAS USAGE/HR 500* CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A OF

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUEL COST/THERM$ 0.22 ANNUAL USE 756** BTU x lO6

NUMBEROF UNITS IN USE One

* Average flow rate.

** Based on 4 hours per day - 6 days per week.

TABLF 3
I_
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this Study, certain input data is a

prerequisite in calculating potential energy savings from different

foundry processes. The lack of information pertaining to combustion

air analysis and gas flow rates to various equipment precludes calcu-

lation of actual energy savings as illustrated in SECTION II of this

Study.

Potential energy savings for upgrading gas-fired equipment will

be figured on a percentage basis; percentages used are conservative

as compared to documented savings, from similar changes, as recorded

by the Foundry Industry.

Electrical energy savings are factual. Calculations are based

on actual kilowatts consumed by melt furnaces. Load profiles were

developed form utility company computerized data for 15 to 30 minute

periods.

K _ G E-22 []
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ENERGY CONSERVATION POTENTIAL

K & G []



ELECTRICAL ENERGY COST SAVINGS

Electrical power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work sheets.

Basedon a sample billingperiodof oneyear, the cost reductionpotential is:

1. DemandControl
l

, Total

: Normal melting demand cost_/ $127,142

i Demand limited demand cost_/ 108_480

AnnualSavings $ 18,662

Percent savings = T'reduction in cost
= 14.7%

T'normal cost of melting

For graphic illustration of methodology used in calculating
electrical savings see Figure 1.

1_/ Work Sheet Table-1
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DEMAND CONTROLLING

NORMALMELTINGCOST DEMANDCONTROLLINGCOST
L.......

J

i Kilowatt Demand Kilowatt Demand
Month Demand Charge Demand Charge Savings %

i -"

i Jan" i2016 10,118 1800 9034 1084 10.7
i Feb. 2016 10,118 1084 10.7

i

i March2150 10,790 1756 16.3
I
!

April 2486 12,477 3443 27.6
j

i May 2352 11,805 2771 23.5

June 2150 10,790 1756 16.3

f July 12016 10,118 1048 10.7
i

i Aug. 12016 10,118 1048 10.7
I

Sept. 2016 10,118 1084 10.7

Oct. i2150 10,790 i 1756 16.3

Nov. 2016 10,118 1084 10.7

Dec. 1949 9,782 _ _r 748 7.6

127,142 108,480 18,662

Potential yearly saving (average) = 15%
Based on a maximum demand of 1,800 kW.

TABLE 1
t
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MAXIMUM

I J |CONTROLLEDBY
' ' r |POWERDEMAND450

, i ]CONTROLLER--.j --+ .......
--]-

40O4

100"
i "'

0
.-I

50 /__ _

I I I I 1
I I I I I I ,

12:00 4:00 8"00 NOON4:00 8:00 12:00 4:00 8:00 NOON4:00 8:00 12:00
AM AM AM

KILOWATT DEMAND PROFILE
INDUSTRIAL BILLING RATE

FIGURE I
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UpgradingHeat Treat Furnaces

Total gas energy consumedper year = 484,484 therms/yr

Totalannualgascost = $ I05,347.00

Averagegas cost = $ 0.22/therm

Approximately 80% of the total gas consumption is attributable

to heat treat operations; this amounts to(484,484 therms x 0.8)

387,587 therms.

A large amount of energy can be conserved by upgrading the

heat treat furnaces in the following areas:

" Install ceramic fiber lining

• Installhigh-efficiencygas burnerswith air/fuelratio

controls

• Install recuperators for combustion air preheating

• Install furnace pressure controls

• Repair all cracks

Approximately 56% increase in overall furnace efficiency can

be realized by performing above functions.

Potential energy savings:

(387,587thermsx 0.56) = 217,048 therms/yr

Potentialcost savings (217,048x 0.22) = $ 47,750.00/yr

KaG E-26 []



Upgrading Ladle Heaters

Approximate energy consumed in ladle heating:

° Ladle No. l ............ 756 x lO6 3tu/yr

° Ladle No. 2 ............ 230 x lO6 Btu/yr

" Ladle No. 3 ............ 1,728 x lO6 Btu/yr

TOTAL ............... 2,714 x lO6 Btu/yr

OR 27,140 therms/yr

Significant energy sayings can be realized by upgrading ladle

heaters in the areas:

° Install ceramic fiber insulation

° Install ladle heater covers

" Installhigh-efficiencyburner system

Approximately 40% increase in overall ladle thermal efficiency

is possible, therefore:

Potential energy savings:

(27,140therms x 0.4} = I0,856 therms/yr

Potential cost savings:

(10,856 x 0.22) = $ 2,388.00/yr
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ECONOMIC ANALYSIS
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PART F

ECONOMIC ANALYSIS

Payback period is calculated as follows:

Totalcapitalinvestment = years
Gross Energy cost reduction/year

Payback years for individual projects are listed in Part "G" based
on order of magnitude costs as follows:

• DemandController $ 10,000.00
• Upgrading Heat treat

furnace $ 100,000.00
• Upgrade ladleheaters $ 12,000.00

122,000.00

The following conditions could lower the anticipation pay each
period considerably:

• Present day equipment costs used (However the energy
cost savings is based on 1979 calender year average
energy cost, except for electricity which is based
on 1980 rates).

• No credit taken for government tax credit for installation
of energy savings devices.

• Calculation of return on investment utilizies life
cyclecostingmethods,whichtakeintoaccountdepreliation,
cost of money and excalation of energy test over the
life time of the equipment, could possibly make the
capital investment attractive.

i

K • G
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PART G
SUMMARY OF ENERGY REDUCTION

SUMMARY TABULATION

ENERGY

SAVED COST CAPITAL PAYBACK
ITEM BTUx lO6 SAVINGS INVESTMENT PERIOD

Demand controllers 18,662 10,000 .62

Upgrading heat
treatfurnaces 21,705 47,750 100,000 2.1

Upgrading ladle
heaters 1,086 2,388 12,000 5.0

TOTAL 22,791 68,800 122,000 1.77

Off-Peak Melting and Load Shifting not applicable to this foundry.

Z_K_G E-29 _ ,
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FOUNDRY E

PROJECTED ENERGY-EFFICIENCYRECORD

MONTH OR YEAR RECORDED FUTURE

UNITS OF PRODUCTION 3,578.5
NET GOOD TONS SHIPPED

FUEL COSTS

• Electricity $ _ 533.03a,0_ 2/

• NaturalGas 55.209,00

•Propane NONE

• Oil

•Coke NONE

• Other NONE

TOTAL 588.243.00

ENERGY USED

• KWH _,_32.000.Q0 x 3,412 Btu = 31.04g.00 Btu x 106

• Mcf Gas 25.657.00 _/ 25.657.00

• Gal. Propane x 91,600 Btu = NONE

• Gal.Oil x 140,000Btu =

• Coke - lb. x 12,500 Btu = NONE

TOTALBTU 56._I.00

ENERGY USED PER UNIT OF PRODUCTION

illion Btu) 56_661 = 15.83 Btu x ]O6/ton
Units) 3,578.5

COST PER MILLION BUT

(EnergyCost) 588.243 10,38 Cost/Btu x 106
(MillionBtu) 56,661

COST PER UNIT OF PRODUCTION

Total Cost) 58B.P4) |64.4 Cost/Unit
Units) 3,578.5

IJ l Mcf = l,O00 cu. ft./hr - See Gas Bill for Btu content/cu, ft.

2/ Projected 19BO electricalcost - Alternate - I
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FOUNDRY "F"

PART A

GENERAL DESCRIPTION

Specialtyalloy and Master Melt metals producer. Casting

capabilityin centrifugaland investmentmethods. Operation

2 and 3 shifts per day.

Facilities

BuildingArea 138,000squarefeet

ManningTotal 440

Average Shipments 9,600 Tons/year

Annual Sales (Fiscal) $45.6 Million

Annual Sales (Current) $47.5 Million

Melt Furnaces

Capacities: 3 x 3,600 Ibs. Induction

l x 2,300 Ibs. Induction

2 x l,O00 Ibs. Induction

2 x 900 lbs. Induction

2 x 700 Ibs. Arc

2 x 500 Ibs. Arc

l x 400 Ibs. Induction

l x.8,000 Ibs. Arc

2 x 5,500 Ibs. Vacuum

FURNACE SIZE - KW

Steel Iron Alloy TotalKW

ArcFurnaces l x 3,500 2 x 225* - 3,950

Induction l x 175" l x 175 l x 50 400

Induction l x 300* - 2 x 750 1,800

Induction - - 3x 500 "1,500

3,975 625 3,050 7,650

* Centrifugal Casting Department.

ZKaG F-2 IZ_



N'Gas Fired Equipment

Type Application No. BTU/Hr.

Small Openheater 150,000 l 150,000

Small Spinnermold heaters <350,000 14 3,650,000

Large Spinnermold heaters >500,000 lO 6,250,000

Small Ladle and tundish heaters 4300,000 16 3,920,000

Large Ladle and tundishheaters >500,000 6 4,000,000

Blu-Surf Burners(ladlesetc) <500,000 7 1,410,O00

Large Misc.burners 5 2,300,000

Large Nitricastheaters 3 800,000

Small Ovens and misc. drying equipment 21 5,050,000

Shell core m/c l 250,000

HeatTreatFurnace lO I0,350,000

PitOvens II 5,940,000

TotalLoad@ I00% 44,070,000

Utilities

AverageN'gascost per month - $15,600

Average Electricity power cost per month - $71,000

AverageOtherfuelsand gases

Oxygen - 139,800cu. ft./month

Argon - 78,600 cu. ft./month

Diesel - 1,150 gals./month@ 150,000BTU/gI.

Propane - 3,500 gals./month($1,600)

Water usage 1.9 Million cu. ft. per year

Average power costs as percent of sales; Fiscal year 1.8%

Average power costs as percent of sales; Current year 2.2%

AuxiliaryServices

Compressed air: 1,200 CFM (97 hp)

Environmental:

Bag houses 40,320CFM

Rooffans 31

Man coolerfans 12

A.C.units 20

Z:.aG F-3 []
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FOUNDRY "F"

ELECTRICAL POWER USAGE

I
FUEL

BILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS

BILLINGPERIOD ENERGY KWH DEMAND FACTOR CHARGE_/ CHARGE CHARGE2! BILL NET BILL

JANUARY 1979 1_1861400 8t060 2,623 33_071 161060 - 511754

FEBRUARY 1979 I_B611600 8_012 5,008 351926 23y031 - 63,965

MARCH 1979 I,551,200 8,608 41949 3%744 2313_ - 64,0B9

APRIL 1979 113131600 8_588 4j291 301428 23_455 - 58,174

MAY 1979 1,446,400 81176 41668 33_B68 231146 - 61,382

JUNE 1979 1,471,200 II_433 4_736 .. 34_167 28,099 67,002

JULY I979 1,404,800 11,424 41537 34,588 33,392 72,517

AUGUST 1979 1,401,600 111280 4_591 33_944 32,763 71,298

SEPTEMBER 1979 1,474,400 10,374 4_813 35,598 24,885 65%296

OCTOBER 1979 1,685,600 9,705 5,467 40,779 24,472 70,718

NOVEMBER 1979 1,761,600 II,549 5,583 54,377 32,566 92,526

DECEMBER1979 1,868,800 9,836 5,853 63,202 24,538 93,593
|

TOTAL 18,127,200 I17,045 57,119 465,392 .309,803 832,3]4

_/ ENERGY CHARGE BASED ON HIGH VOLTAGE SERVICE

2/ DEHANDCHARGESINCLUDECUSTOMERCHARGEANDPOWERFACTORADJUSTMENT

AVERAGECOSTOF ELECTRICITY =_ 832,314 = $ O.046/KWH
18,127,200

i

TABLE I i
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FOUNDRY "F"

ANNUAL GAS CONSUMPTION

N m

PERIOD THERMS BTUX 106 COST

JANUARY1979 55,460 5,546 13,892.19

FEBRUARY1979 67,080 6,708 16,802.]3

MARCH1979 54,310 5,431 14,856.32

APRIL1979 63,370 6,337 15,873.05

MAY1979 57,760 5,776 14,468.17

JUNE1979 50,230 5,023 12,582.47

JULY1979 60,070 6,007 15,046.65

AUGUST1979 53,590 5,359 13,423.89

SEPTEMBER1979 52,560 5,256 14,006.21

OCTOBER1979 59,840 5,984 17,221.01

NOVEMBER1979 74,960 7,496 21,571.03

DECEMBER1979 59,940 5,994 17,134.70

TOTALS 709,170 70,917 186,877.82

HEAT CONTENT OF GAS = BTU/CU FT (FROM BILL)

100,000 BTU = i THERM

COST OF GAS = 186,877.82 = $ 0.26 PER THERM
709,170

TABLE 2
F-5



illiiiiI III IIII_

DESCRIPTION AND POWER USAGE OF ELECTRICAL EQUIPMENT

(MELTFURNACESONLY)

I I

i i CAPACITY i OPERATION i J

" EQUIPMENT ! TYPE [ LBS. !HRS/DAYIDAYS/MO H.P. KW I SERVICE
, i

FURNACENO. ] VACUUM INDUCTION i 6,000 J i 750ii ! ' i

; i i

FURNACENO. 2 VACUUMINDUCTION 6,000 ! I 7501
i i I i i i

FURNACENO.3 3-PHASEARC. 8,000 i 3,5D01
P p

FURNACE NO, 4 INDUCTION 3.600 ! 5D0 I[

, ;i i !
INDUCTION 3,600 i 500 ,FURNACE NO. 5

i

FURNACENO.6 INDUCTION 3,600 500i

FURNACE NO. 7 i INDUCTION 600 1751

i ' 175
FURNACE NO. 8 INDUCTION 2,300 , ! i"

i

FURNACE NO. 9 INDUCTION l,400""-__

FURNACENO.lO INDUCTION 900 _300

FURNACE NO. 11 INDUCTION 400 _ ""-"I I t I

: F ,:

FURNACE NO. 12 DETROIT ARC 500 225!

L I

FURNACE NO. 13 DETROIT ARC 500 I 2251

' P I

FURNACENO.14 DETROITARC 700 I 225

t I JFURNACENO. 15 DETROITARC 700 225

di u i u [ i

FURNACE NO. 16 DETROITARC 1,000 i I 2251 i

' I I, 1
i

FURNACE NO. 17 VACUUM INDUCTION 50!

' I
I' i p q i

' i :
; TOTAL ! 8,325i

J ; a

I

, i i ,
I

TABLE 3
!
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FOUNDRY "F"

DESCRIPTION AND FLOW RATES OF GAS-FIRED EQUIPMENT

BURNERS OPERATION
( I IAVERAGE MAXIMUM

EQUIPMENT TYPE NO.' TYPE HRS/DAY DAYS/MO CFH CFH

BUILDING #I

SPINNERS(4) IEA ECLIPSE 800

FURNACES(3) INDUCTION3 ECLIPSE 1,500

MOLDHEATER l,O00

SPOUTHEATER ECLIPSE 200

LADLEHEATERS(3) ECLIPSE 1,500

BLU-SURF 860

MOLDHEATERS(3) 800

MOLDOVEN l,O00

SUBTOTAL ............. - ............................ 7,660

B_ILDING #2

i i 600
MOLDHEATERS(3) ( I

- TABLE 4
I

F-7 Page1 of 6



TABLE 4 (CONTINUED)

i BURNERS i' OPERATION
.. r , i iAVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH

SUBTOTAL
........................................... 5,940

I

OUTSIDE

HT.OVEN#21 I0 I_500

HT.OVEN#22 8 1,000

SOUTHFURNACE 8 500

NORTHFURNACE 4 500

HT.OVEN#24 8 J.KNAPP 800

i

HT.OVEN#25 2 -700

..HT.OVEN#26 2 700

HT.OVEN#27 16 I_600

HT. OVEN #28 18 I_800

HT. OVEN#29 4 IN. AMERICANI _ 1,250

_ TABLE4
I

Page 3 of 6
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TABLE 4 (CONTINUED)

BURNERS ' OPERATION
, i AVERAGEMAXIMUM

' 1EQUIPMENT TYPE iNO. TYPE HRS/DAY DAYS/MO CFH CFH

SUBTOTAL ............................................. 5,940

OUTSIDE

HT.OVEN#21 lO 1,500

HT.OVEN#22 8 l,O00

SOUTHFURNACE 8 500

NORTHFURNACE 4 500

HT.OVEN#24 8 J.KNAPP 800

HT.OVEN#25 . 2 700

HT.OVEN#26 2 700

HT.OVEN#27 16 11600

HT.OVEN#28 18 I_800

HT.OVEN#29 I 4 N. AMERICAN 1,250

T/ ,B LF 4
I

Page 3 of 6
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TABLE4 (CONTINUED) j
I

BURNERS OPERATION
' AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH
I I I

SUBTOTAL I I0,350
j i i

BUILDING I0
i i i

? 3 1,050
! i l

I

BLU-SURF(3) 3 550
i I

i
i

LADLEHEATERS(3) 2,500
( f

PIGHEATER 400
I I

TUNDISHHEATER 400
i {

FURNACE
ROOFHEATER ! 700

I I

SUBTOTAL ,............................................ , 5,600 ,

BUILDING #II
I I

OVEN PROBACK 300
! i

OPENHEATERS 150

i

TABLE 4
Hi I
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TABLE 4 (CONTINUED)

BURNERS OPERATION
AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH
| n

SHELLCORE HUTCHINSON 250| q

PIGPIPEHEATERS 600
m a

SUBTOTAL - ........................................... 1,300

BUILDING #12
i

i

TUNDISHOVEN , lO l,O00

i

FIREWALLS , 2 [_ l_O00

? 3 750
I

SUBTOTAL i - ........................................... 2_750

BUILDING #14
I

TUNDISH
FIREWALLS(2) _EA l,ONO

TUNDISH
PIPEHEATERS(4) 720

I

MOLDOVEN l 1,500

TABLE 4
toni
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I

TABLE 4 (CONTINUED)

BURNERS I OPERATION
r' I I AVERAGEMAXIMUMEQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH

!

? 2 700
I

INVESTOVEN 8 800
I

| I

TOTALS
43,470

TABLE 4 L
F-12 Page6 of 6
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FOUNDRY "F"

1979 ENERGY-EFFICIENCY RECORD

MONTHORYEARRECORDED 1979

UNITSOFPRODUCTION 9,600TONSSHIPPED

FUEL COSTS

• Electricity $ 832,314.00

• NaturalGas 186,877.82

• Propane NONE

• Oil NONE

• Coke NONE

• Other NONE

TOTAL $ 1,019,191.82

ENERGY USED

• KWH 18,127,200 x 3,412Btu = 61,850 Btux lO6

" Mcf Gas 70,197 x I--/ 70,917 Btu x 106

• Gal. Propane x 91,600 Btu = NONE

• Gal.Oil x 140,000Btu NONE

Coke- lb. x 12,500Btu = NONE

TOTALBTU ]32,767 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

IMillionBtu) 132,767 I3.82 Btu x 106/TON
(Units}

9,600

COST PER MILLION BTU

IEnergy = 7.72 Cost/Btu x 106
Cost) 1,019,192 $

MillionBtu) 132,047 ..-

COST PER UNIT OF PRODUCTION

(TotalCost) 1,019,192 $ I06.17
(Units} 9,600 : Cost/TONS

I/ l Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 5
F-13
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FOUNDRY "F"

ENERGY - EFFICIENCYRECORD 2/ 3/

rIONTHOR YEAR RECORDED 1980 PROJECTED (ELECTRICALONLY)

UNITSOFPRODUCTION 9,600
NET GOOD TOllSPER YEAR

FUEL COSTS

• Electricity $ 1,170,233

• NaturalGas 186,877.82

" Propane NONE

• Oil NONE

• Coke NONE

• Other. NONE

TOTAL $ 1,357,110

ENERGY USED

• KWH 18,127,200 x 3,412Btu = 61,850 Btux lO6

• Mcf Gas 70,917 x l_/ 70,917 Btu x 106

• Gal.Propane x 91,600Btu = NONE

• Gal.Oil x 14O,O00Btu = NONE

• Coke - lb. x 12,SO0 Btu : NONE

• = NONE

TOTAL BTU 132,767 Btu x lO6

ENERGY USED PER UNIT OF PRODUCTION

Million Btu) 132,767 I3.82 Btu X I06/TON
Units) 9,600

COST PER MILLIOn;BTU

Energy Cost) I_357_II0 $ 10.22 Cost/Btu x 106
Million Btu) 132,767

COST PER UNIT OF PRODUCTION

Total Cost) I_357,110 = $ 141.36 Cost/Unit
Units} 9,600

_/ ! Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu,ft.

2/ THE ELECTRICALCOST SHOWN REPRESENTS 1980 CALENDAR YEAR COSTS AND ARE BASED ON 1979 ENERGY
CONSUMPTIONWITH 1980 "TIME OF DAY" BILLINGRATES APPLIED.
THE PROJECTED ELECTRICALCOST IS USED AS A BASE FOR CALCULATING COST SAVINGS BY IMPLEMENTATION
OF DEMAND LIMITINGAND CONTROL.

3/ ALL OTHER ENERGY COSTS ARE 1979 RATES.

TABLE 6
F-14
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Ill I I

ANNUAL PRODUCTION

i

FOUNDRYCODE F CASTINGMETAL AlloySteels

PERIOD I MELT TONS SHIPPEDTONS HEAT TREAT TONS SALES VALUE
l

I

JANUARY N/A N,'A N/A N 'A

FEBRUARY
I

MARCH

APRIL

MAY i
l

JUNE

IJULY ii i

AUGUST i

SEPTEMBER

OCTOBER

NOVEMBER

'r
DECEMBER f i

TOTALS Ir
10,140 9,600 $45,600,000I

AVERAGE MELT TONS/DAY: 42,1

REPORTED% SCRAP N/A

REPORTED% MELT LOSS N/A

AVERAGEFOUNDRYYIELD% 94.7m,,

AVERAGE SALES VALUE/LB.

TABLE I
,I
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OPERATIONAL DATA FACT SHEETS

ELECTRIC MELT FURNACES

FURNACE MELT MELT MELT POURING CYCLE
NUMBER TYPE CAPACITY PERDAY DOWN TEMPERATURE TIME

LBS. LBS. HRS. OF HRS.

1 Vacuum Induction 5,500 N/A N/A N/A 6 to 8

2 Vacuum Induction 5,500 N/A N/A N/A 5 to 7

3 3-phase Arc 8,000 N/A 3.5 N/A N/A

4 Induction 3,6001

5 Induction 3,600_ 50,0002_/ 4.0 N/A N/A

6 Induction 3,600j

7

8 Induction 2,300 N/A 1.5 to 2.5 2,400-2,950 N/A

9 Induction 1,400 N/A N/A N/A N/A

I0 Induction 900 N/A 1.5 to 2.5 2,400-2,950 N/A

II Induction 400 N/A 1.5 to 2.5 2,400-2,950 N/A

12 Detroit Arc 500"

13 Detroit Arc 500

14 Detroit Arc 7001_ 18,000 1.0 to 1.5 N/A N/A

15 Detroit Arc 700

16 Detroit Arc 1,000

17 Vacuum Induction N/A N/A N/A N/A N/A

J
--i

I_/ See Table 3, Part B, for electrical data.

2_/ Based on 3-shift operation.

TABLE ] I
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OPERATIONALDATAFACTSHEET

HEAT TREAT FURNACES

I
NUHBER TYPE CYCLES FLUE FUEL

FURNACE TYPE OF BTU/HR CYCLE FLUE GAS USE
NUNBER SIZE CAPACITYBURNER X I06 OF TIME PER TEMP.

BURNERS LINING WEEK CO2 PERCYCLE

I, I I I I i I I f

1 N/A N/A PREMIX I0 1.5 CONV. N/A N/A N/A N/A N/A
, , I , I , , I , i

2 8 1.0

I I ! I I I I I

3 8 0.5 :

ir p i i i r i i

4 i 4 o.s !
t i i i i i !

5 I 8 0.8

t i i I i i
I

6 2 0.7

7 Z 0.7

8 16 1.6

9 18 l.8

,, i. s I 4,
i i i i i

' LI I I I I I

I I I ( I q

I I I I I I ! F '1

i
I I I I I I ! !

J
i

I I I I I I I _ "1

I I f I I I I I I "-f

I I I I I I I I I •

, i , r i i l , i -l
TOTAL 10.35

i I I I I I I I I

TABLE 2
b
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OPERATIONAL DATA FACT SHEET

LADLE HEATERS

LADLEI I
HEATER TYPE CAPACITY SIZE TYPEOF GAS OPERATING
NUMBER LINING COVERED BTU/HR CYCLE

1 N/A N/A N/A NO 500,000 N/A

2if" Eclipse 500,000

3J 500,000

4 Innocul. 300,000

5 Fire.wall 200,000

6r
Heat 800,000

7_ X
Tractor 800,000

8 800,000

9 Firewall 500,000

lO Firewall 500,000

Il FirewalI 500,000

12 Firewall _r _f _ 500,OQO 1

TOTAL 6.4xlO6

REMARKS:

TABLE3
!
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this Study, certain input data is a

prerequisite in calculating potential energy savings from different

foundry processes. The lack of information pertaining to combustion

air analysis and gas flow rates to various equipment precludes calcu-

lation of actual energy savings as illustrated in SECTION II of this

Study.

Potential energy savings for upgrading gas-fired equipment will

be figured on a percentage basis; percentages used are conservative

as compared to documented savings, from similar changes, as recorded

by the Foundry Industry.

Electrical energy savings are factual. Calculations are based

on actual kilowatts consumed by melt furnaces. Load profiles were

developed from utility company computerized data for ]5 to 30 minute

periods.

i
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t Electrical Energx Cost Savings

t

Electrical power cost savings can be realized by improved controls and

changes in melting energy usage as calculated in the following work sheets.

Percentage of total energy usage by electrical load

Electrical Energy 61,850 x lO6
= x lO0 = 47%

Total Energy 132,047 x lO6

l_/Meltingenergy usage @ 54% = 9,701,I09KWH

Based on a sample billing period of one month each at summer and winter

rate schedules, the cost reduction potential is;

I. Demand Control

Summer Winter Total

2/ Normalmeltingcost 61,066 55,747 I16,813

3/ Demandlimitedcost 60,028 53,926 I13,954

Reduction 2,859

Reductionin cost =
Percent savings = Normal cost of melting 2.4%

.'.Annual savings;

= Melt KWH x Averagecost/KWH*x Percentsavings

= 9,701,I09x .0645 x .024 = 15,017/year

For graphic illustration of methodology used in calculating electrical

savings, see Figures l and 2.

_/ WorksheetTable 4

2/ WorksheetTable l

3/ WorksheetTable 2

K & G- []F-21
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2. Demand Limiting & Load Shiftin 9

Summer Winter Total

Normal Melting Cost 61,066 55,747 116,813

4/ Revised Melting Cost 52,536 45,187 97,723

Total 19,090

19,090 _ 16.4%
Percent savings : 116,813

Annual savings;

: Melt KWHx Average cost/KWH* x Percent savings

: 9,701,109 x .0645 x .164 = 102,618/year

For graphic illustration of methodology used in these calculations of

electrical savings, see figures 3 and 4.

*Note - 1980 energy costs used

4_/ Worksheet Table 3

..._ K 8" G []
m
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MAXIMUM DEMAND
PEAKS CONTROLLED
BY POWER QEMAND

650! CONTROLLFR600 _

55O

5OO

,,:I:

450L cf,.,n

400 ,--

_ 350
'-_=D

xl v,

o _' 300 l

0 ! _ ----

'- 250

2OO

150

lO0

50

( I l I I I I r I I 1 I
12 4 8 NOON4 8 12 4 8 NOON 4 8 12
AM AM AM

SUMMER - "TIME OF DAY" BILLING

KILOWATTDE_._NDPROFILE

FIGURE l
1 of 2
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MAXIMUM DEMAND

BY POWER DEMAND

650 ] CONTROLLER
_, t 1 _

' I
600 I

550 i

500 i
,,--,

C)

"-_F_---450 ,I c_
Z

_ 400 __"'

_ x 350 I

_ __i 300

'- 250

50.

i
m m

12 4 8 NOON 4 8 12 4 8 NOON4 8 12
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WINTER - "TIME OF DAY" BILLING

KILOWATT DEMAND PROFILE

FIGURE1
2 of 2
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IO0

MELTING LOAD
50, SHIFTEDTO
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I r _ I l I z r l I i
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SUMMER- "TIME OF DAY" BILLING

KILOWATT DEMAND PROFILE

FIGURE 2
1 of 2
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--- MAXIMUM
DEMAND PEAKS
CONTROLLEDBY
POWER DEMAND

650 CONTROLLER

600

500

-- 4so- _:_-""'___ _
_m ii I

× !
o 300. - '"'_
o

250

200 _,_/j150- _/_/
lO0-

ON-PEAK MELTING
50- SHIFTEDTO OFF-PEAK

HOURS

12:00 4:00 8:00 NOON 4:00 8:00 12:00 4:00 8:00 NOON 4:00 8:00 12:00
AM AM AM

WINTER - "TIME OF DAY" BILLING

KILOWATT DEMAND PROFILE

FIGURE 2
2of2 i
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NORMALMELTING (SUMMER)

Demand CharQes:
(

"On-peak" per kilowatt of maximum demand

Totalon peak 1,457 kWat $5.050 $ 7,358

Plus "partialpeak" per kilowattof maximum demand

Totalpartialpeak 3,297 kW at $0.65 $ 2,143

Plus "off-peak" per kilowatt of maximum demand

Total"off-peak"3,727 kWno charge $ 0

Subtotal $ 9,501

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatthours 90,050 x ¢O.O053/kwh $ 477

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to I0:30 pm .8 hrs/day

Total kilowatthours 461,164 x ¢O.O038/kwh $ 1,752

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am lO hrs/day

Total kilowatthours 423,809 x ¢O.O023/kwh $ 975

Subtotal $ 3,204

Fuel Adjustment Charges:

Totalkilowatthours = 975,024x ¢ 0.0496 $ 48,361

GRA_D TOTAL for (demand,energy and fuel adjustment charges)$ 61_066

TABLE ]
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NORMAL MELTING (WINTER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 1,778 kWat $5.050 $ 8,979

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 3,748 kWat $0.65 $ 2,436

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 3,593 kWno charge $ 0

Subtotal $ 11,515

Energy Charge:

"On-peak" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 98,969 x ¢QOO53/kwh $ 525

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 277,602 x ¢_O038/kwh $ 1,055

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 461,940 x ¢0.0023 $ 1,062

Subtotal $ 2,642

Fuel Adjustment Charges:

Total kilowatt hours = 838,512 x ¢0.0496 $ 41,590

GRANDTOTAL for (demand, energy and fuel adjustment charges)$ 55,747

TABLE ]
SHEET 2 of 2
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DEMANDLIMITING (SUMMER)

Demand Charges:

"On-peak" per kilowatt of maximum demand

Total on peak 1,457 kWat $ 5.050 $ 7,358

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700 kWat $ 0.65 $ 1,105

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

Subtotal $ 8,463

Energy Charge:

"On-peak" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilowatt hours 90,050 x ¢O.O05_kwh $ 477

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 461,164 x ¢O.O03_kwh $ 1,752

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 423,809 x ¢O.O023/kwh $ 975

Subtotal $ 3,204

Fuel Adjustment Charges:

Total kilowatt hours = 975,029 x 60.0496 $ 48,361

GRAND TOTAL for (demand, energy and fuel adjustment charges)S 60,028

TABI_E 2
SHEET 1 of 2
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DEMAND LI_IITING (WINTER)

Demand CharQes:

"On-peak" per kilowatt of maximum demand

Total on peak 1,700 kWat $5.050 $ 8,585

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700kW at $0.65 $ 1,105

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

Subtotal $ 9,690

Eneray Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Total kilowatthours 98,969 x ¢O.O05_kwh $ 525

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to I0:30 pm .8 hrs/day

Total kilowatt hours 277,602 x ¢O.O03_kwh $ 1,055

"Off-peak" kilowatt hours:

I0:30 pm to 8:30 am lO hrs/day

Total kilowatt hours 461,940 x ¢O.O02_kwh $ 1,062

Subtotal $ 2,642

Fuel Adjustment Charges:

Total ki]owat:hours : 838,512 x _0.0496 $ 41,590

GR_t;D TOTAL for (demand, energy and fuel adjustment charges) S 53,926

TABLE 2
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ON-PEAK MELTING SHIFTED TO PARTIAL AND OFF-PEAK
WITH DEMAND LIMITING (SUMMER)

Demand Charqes:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kW at $ 5.050 $ O

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700 kWat $ 0.65 $ 1,105

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

Subtotal $ 1,105

Energy Charge:

"On-peak" per kilowatt hour:

12:30 pm to 6:30 pm hrs/day

Totalkilowatthours 0 x ¢O.O05_kwh $ 0

"Partial peak" kilowatt hours: 8:30 am to 12:30 pm

and 6:30 pm to I0:30 pm 8 hrs/day

Total kilowatt hours 551,214 x ¢O.O03_kwh $ 2,095

"Off-peak" kilowatt hours:

]0:30 pm to 8:30 am lO hrs/day

Total kilowatthours 423,809 x ¢O.O02_kwh $ 975

Subtotal $ 3,070

Fuel Adjustment Charges:

Total kilowatt hours = 975,024 x ¢0.0496 $ 48,361

GRA_;D TOTAL for (demand, energy and fuel adjustment charges $ 52,536

TABLE 3
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ON-PEAK MELTING SHIFTED TO PARTIAL AND OFF-PEAK WITH

DEMANDLIMITING (WINTER)

Demand Charqes:

"On-peak" per kilowatt of maximum demand

Total on peak 0 kWat $ 5.050 $ 0

Plus "partial peak" per kilowatt of maximum demand

Total partial peak 1,700 kWat $ 0.65 $ 1,105

Plus "off-peak" per kilowatt of maximum demand

Total "off-peak" 1,700 kWno charge $ 0

SubtQtal $ 1,105

Energy Charge:

"On-peak" per kilowatt hour:

4:30 pm to 8:30 pm 4 hrs/day

Total kilQwatt hours 0 x ¢ O.O05_kwh $ 0

"Partial peak" kilowatt hours:

8:30 am to 4:30 pm and 8:30 pm to 10:30 pm I0 hrs/day

Total kilowatt hours 376,571 x ¢O.O038/kwh $ 1,430

"Off-peak" kilowatt hours:

10:30 pm to 8:30 am I0 hrs/day

Total kilowatt hours 461,940 x ¢O.O023/kwh $ 1,062

Subtotal $ 2,492

Fuel Adjustment Charges:

Total kilowatt hours = 838,512 x ¢0.0496 $ 41,590

GRAND TOTAL for (demand, energy and fuel adjustment charges)$ 45,187

TABLE 3
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Total Melting Energy (use actual metered consumption if available or

estimate as follows)

Annual tons shipped
Overall Foundryyield % = Total tons melted/year

Total tons melted x average KWH/ton= Total energy

Example:

Annual tons shipped 9,600 I0,137
Foundryyield % = 0.94 =

(a) Tons melted/yr,x KWH/ton* = I0,137 x 957

= 9,701,I09

Percent melting energy of total electrical usage

(a) KWH
Total Electric Energy KWH

9,701,I09 = 54%
18,127,200

Note: KWH/tondeterminedfrom actual melt cycle or use industry

average for type of furnace and metal melted.

TABLE 4
F-33
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UPGRADINGHEAT TREAT FURNACES

Total plant gas consumption : 709,170 therms/yr

Total annual gas cost = $ 186,877.00

Average gas cost : $ O.26/therm

Due to the lack of adequate data relative to actual gas flow rates,

the following assumptions have been made regarding gas energy

distribution throughout the plant:

° Heat treat operations ............ 40%

" Ladle heating operations ........... 14%

• Spinner mold heaters ............. 13%

• Mold ovens .................. 13%

• Miscellaneous ................ 20%

TOTAL .................... 100%

Total estimated gas consumption attributed to heat treat furnace

operations is approximately (709,170 x 0.4) = 283,668 therms/yr.

Substantial energy savings can be realized by upgrading the

present heat treat furnaces in the following areas:

• Replace existing conventional firebrick linings with ceramic

fiber insulation linings.

• Replace existing burners with high-efficiency burner systems

and fuel/air ratio controls.

K & G []F-34



" Repair all cracks and install furnace pressure controls.

• Add recuperators for combustion air preheating.

If all of the above improvements are made, approximately 56%

increase in overall furnace efficiency is possible.

Potential energy savings:

{283,668thermsx 0.56) = 158,854therms/yr

Potential annual cost savings:

(158,854x 0.26) = $ 41,303.00peryr

UPGRADING LADLE HEATERS

Total estimated gas consumption attributed to ladle heating is

approximately(709,170therms x 0.14) = 99,283 therms/yr.

Substantial energy savings can be realized by upgrading the present

ladle heaters in the following areas:

° Replace existing burners with high-efficiency burner system.

° Install ladle heater covers.

If the above improvements are made, approximately 50% increase in

overall furnace efficiency is possible.

Potential energy savings:

(99,283therms x 0.50) = 49,641 therms/yr

Potential cost savings:

(49,641x 0.26) = $ 12,906.00peryr
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PART F

ECONOMIC ANALYSIS

ELECTRICAL CONTROLS

Electrical controller costs for demand limiting in this facility

are stated as order of magnitude to indicate method of calcu-

lation only.

UPGRADING HEAT TREAT FURNACES

Order of magnitude cost per installation of new ceramic linings,

new gas burner systems, pressure controls and hot gas recuperation

is estimated at approximately $400,000 for lO heat treat furnaces.

Capital cost expenditure includes cost of materials and some outside

labor. It has been assumed that the majority of the labor will be

performed by in-house personnel and expensed.

Payback period based on $41,303 energy cost savings per year and

$400,000 capital expense is:

$400,000
$ 41,303 = 9.7 years

The following conditions will lower the anticipated payback period

considerably:

" Present day equipment costs used, while the energy savings

cost is based on 1979 calendar year average energy cost of

$0.26 per them.



• No credit taken for government tax break for installation of"

energy saving devices.

• Calculation of return on investment utilizing life-cycle

costing methods, which take into account depreciation, cost

of money and escalation of energy cost over the lifetime of

the equipment, will possibly make the capital investment

attractive.

UPGRADING LADLE HEATERS

Order of magnitude cost for installation of ladle heater covers

and high-efficiency burners is estimated at $72,000 for 12 ladle

heaters. Capital cost expenditure includes cost of materials

and some outside labor. It has been assumed that the majority

of the labor will be performed by in-house personnel and expensed.

Payback period based on $12,906 energy cost savings per year

and $72,000 capital expense is:

$72,000 _
_906 5.57years

The same qualifications for lowering the payback period, as

mentioned for heat treat furnaces, also applies to ladle heating

economics.
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PART G

SUMMARYOF ENERGY REDUCTION

(ALTERNATE I)

SUMI'_RYTABULATION

ENERGY COST CAPITAL PAYBACKITEM SAVED
BTU x 106 SAVINGS INVESTMENT PERIOD

Demandcontrollers -- $ 15,017 $ 200,000 13.3

Upgrading heat treat
furnaces 15,885.4 41,300 400,000 9.7

Upgrading ladle heaters 4,964.1 12,900 72,000 5.6

TOTAL 20,849.5 $ 69,217 $ 672,000 9.7

TABLE ]
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PART G

SUMMARYOF ENERGY REDUCTION

(ALTERNATE 2)

SUMMARY TABULATION

ENERGY COST CAPITAL PAYBACK
ITEM SAVED

BTU x 106 SAVINGS INVESTMENT PERIOD
!

Load shifting and demand
controllers - $102,618 $ 200,000 1.94

Upgrading heat treat
furnaces 15,885.4 41,300 400,000 9.7

Upgrading ladle heaters 4,964.1 12,900 72,000 5.6
I

n. I

TOTAL 20,849.5 $156,818 $ 672,000 4.28
I

TABLE 2
F-39



FOUNDRY "F"

PROJECTED ENERGY-EFFICIENCY RECORD

(.ALTERNATE I)

rlONTHOR YEAR RECORDED 1979/80

UNITSOFPRODUCTION 9,600TONSSHIPPED

FUEL COSTS

• Electricity $ 1,155,2162_/

• NaturalGas 132,700

• Propane --

• Oil --

• Coke --

" Other -"

TOTAL $ 1,287,916

ENERGY USED

" KWH 18,!27,200 x 3,412Btu = 61,850 Btux lO6

" Mcf Gas 49,347.5 "" I_/ 49,347.5 Btu x lO6

• Gal.Propane x 91,600Btu = --

• Gal. Oil x 140,DO0 Btu = --

• Coke- lb. x 12,500Btu = --

TOTAL BTU III,197.5 Bt7 x 106

E_IERGY USED PER UNIT OF PRODUCTION

_Million BtuI III,197.5 11.58 Btu x 106/ton
(Units) 9,600 _

COST PER MILLION BTU

(EnerGyCost) $1,287,916 = $ II.58 Cost/Btu x lO6
(Million Btu) 111,197.5

COST PER UNIT OF PRODUCTION

Total Cost) $Ip287,916 = $ 134.15 Cost/ ton
Unitsl 9,600

I/ l Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2_/ 1980 Projector Electricalcost.

TABLE 3
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FOUNDRY "F"

PROJECTED ENERGY-EFFICIENCY RECORD

(ALTERNATE 2)

MONTH OR YEAR RECORDED
1979/80

UNITS OF PRODUCTION
9,600 TONS SHIPPED

FUEL COSTS

• Electricity $. 1,067,6152/

• NaturalGas 132,700

• Propane -.

• Oil __

• Coke __

• Other ..

TOTAL $ 1,200,315

ENERGY USED

• KWH ]8,127,200 x 3,412 Btu = 61,850 Btu x lO6
" McfGas 49,347.5 __

x I_/ 49,347.5 Btu x 106

• Gal.Propane x 91,600Btu --

• Gal.Oil x 140,000Btu = --

• Coke- lb. x 12,500Btu : "-

TOTALBTU ]11,197.5 Btux IO6

ENERGY USED PER UNIT OF PRODUCTION

TUnits]_Milli°n8tuI III,197.59,600 __ 11.58 Btu x 106

COST PER MILLION BTU

_Enercy Cost) $1,200,315 = $ 10.79 Cost/Btu x 106(Million 8tu) 111,197.5

COST PER UNIT OF PRODUCTION

Total CostI $1,200,315
Units} 9,600 $ 125.03 Cost/Ton

I_/ 1Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2_/ 1980 ProjectorElectricityCost.

TABLE 4
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FOUNDRY "G"

PART "A"

General Description

Wide range of non-ferrous sand and permanent mold castings.

Aluminum castings up to 1,000 pounds brass and bronze alloys up to 300

pounds. Operates one shift per day, four days per week.

Facilities

Building Area 14,800 square feet

ManningTotal 30

Average Shipments Approx. 133 Tons/yr.

Annual Sales $2,000,000

Melt Furnaces

Capacities: 1 - Elect. Induction 200 kw (900 Ibs/hr)

6 - Gas Fired Crucibles 500 Ibs. (2,000

Ibs./hr.)

Equipment

1 Automatic molding machine

4 Semi-automatic molding machines

6 Squeezer molding machines

Overhead sand system with automatic shakeout and 25 HP

sand muller.

2 Batch sand mixers

2 Shell core machines

I Core blower

Cleaning room equipment and inspection tools.

Total HP 217.
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FOUNDRY "G"

ELECTRICAL POWER USAGE

FUEL
BILLING POWER ENERGY ADJUSTMENT*DEMAND GROSS

BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

May 1979 35,460 330 ],]]8.06 (37.94) 1,254.00 2,372.06 2,334.]2

June 1979 33,780 325.2 ],065.08 (36.14) ],235.76 2,300.84 2,264.70

i July 1979 30,240 323.4 963.94 (32.36) 1,228.92 2,192.86 2,160.50

August 1979 40,500 403.8 1,349.47 (43.34) 1,534.44 2,883.9] 2,840.57

September1979 39,720 329.4 1,323.47 (42.50) 1,251.72 2,575.19I 2,532.69m

October1979 34,260 315.0 I,]43.26 (36.66) ],]97.00 2,340.26 2,303.60

November 1979 36,780 321.6 1,288.74 (39.35) 1,222.08 2,510.82 2,471.47

December 1979 31,020 339.6 1,319.90 (33.19) ],290.48 2,6]0.38 2,577.19

January 19a0 23,880 318.6 1,016.09 (25.55) 1,210.68 2,226.77 2,201.22

February 19G0 27,360 298.2 I,]87.49 (29.28) 1,133.16 2,320.65 2,29].37

March 1980 38,]60 377.0 ],859.55 (40.83) 1,242.60 3,102.]5 3,061J2
I

Aoril 198n 34,320 314.4 1,672.41 (36.72) 1,194.72 2,867.]3 2,83G.41
l

TOTALS 405,480 i5,307.46 (433.86) ]4,995.56 30,303.02 29,869.16
l

AVERAGE COST PER KWH : $29,869.16= $O.073/kwh
405,480

TABLE l
i
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FOUNDRY "G"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

MARCH1979 4,682 468.2 1,045.74

APRIL1979 4,449 444.9 996.33

MAY1979 4,571 457.1 1,063.05

JUNE1979 4,356 435.6 1,109.55

JULY1979 2,773 277.3 708.15

AUGUST1979 2,190 219.0 560.32

SEPTEMBER1979 2,647 264.7 668.93

OCTOBER1979 2,749 274.9 728.48

NOVEMBER1979 3,187 318.7 843.75

DECEMBER1979 2,212 221.2 645.68

JANUARY1980 2,369 236.9 712,72

FEBRUARY1980 3,620 362.0 1,096.07

TOTALS 39,805 3,980.5 10,178.77

HEATCONTENTOF GAS = 1,038 BTU/CUFT (FROMBILL)

100,000 BTU = 1THERM

COSTOF GAS: 101178.77 = $ 0.256 PERTHERM
39,805

TABLE 2
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FOUNDRY "G"

DESCRIPTION AND POWER USAGE OF ELECTRICAL EQUIPMENT

I , I

OPERATION I
i EQUIPMENT . TYPE _CAPACITY t'HRS/DAYIDAYS/NOjlH.P. KWH t SERVICE t

FURNACES(5) CRUCIBLE 500# 5 18 16
i ; I i : : I i I

i
MOLDINGEQUIPNENT ALL II

I I I i i I I I I

NO-BAKEI'IOLDING DEPENDABLE _]5,000#MAX
l i _ ] [ I I I

I

SAND EQUIPMENT
I i : i i i { I

MULLER SIMPSON 1,600# 25
i ] I 1 I I r I

BATCHMULLER CARVER .lO0# _ 3
I I I I I I ! I

SAND SYSTEM W/SHAKEOUT ST, LOUIS 26

I I ' I , i

CLEANING ROOM i !
I I J I I I I

BAND SAWS i 15
i

I I I I I I I I

BELT SANDERS 16 :

I i I I I I I

CUT-OFFWHEELS 12

I P i i J i i f

WHEELABRATOR 18 J I

I i I I I T i I

AIR COMP. I-R 300H. 75 !
I I

i i i i i i !

FURNACE AJAXINDUCTION 900# 200

I I I I 1 I I I

i
I I I I 1 I I I

!

I I I I I I I I

J [ ] I II [ I I

I I I I I I I

I I I I I i I

i
i I l I I I _ |

TABLE 3
- i
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FOUNDRY "G"

DESCRIPTION AND FLOW RATES OF GAS FIRED EQUIPMENT

BURNERS OPERATION
, AVERAGE, MAXIMUMi

EQUIPMENT TYPE NO. TYPE HRS/DAYi DAYS/MO CFH CFH
i I I I I

I

500#FURNACE CRUCIBLE 1 ASPIRATOR 5 18 829 I ,000
I I I i i

500# FURNACE CRUCIBLE 1 ASPIRATOR 5 18 829 1,000
! I I I I

500#FURNACE CRUCIBLE 1 ASPIRATOR 5 18 829 ] ,000
I I I 1 I

I

! 500# FURNACE CRUCIBLE 1 ASPIRATOR 5 18 829 1,000
| I I I I

500# FURNACE CRUCIBLE 1 ASPIRATOR 5 18 829 1,000
i i i !

i

LADLETORCHES PREHEAT 1 ATMOS. 1 18 i 200 200

i -- I 1 I

LADLETORCHES 'PREHEAT 1 ATMOS. 1 18 200 200 :
J J I I

CORE
TORCH DRYING 1 ATMOS. 10 18 50 100

I I I I I

SHELLCORE DEPENDABLE
MACHINE 100 1 ATMOS. 2 18 75 100

J I I |

i

PERM.MOLD 8 ATMOS. 3 1 I 300 400
I I I I i

SHELL CORE !DEPENDABLE ATMOS.
MACHINE 200 I !(MULTI) 2 18 _50 200

I i ] I I

ATMOS.
COREOVEN DESPATCH1 (MULTI) 8 18 300 400

TOTALS 5,420 6,600
I ! |

TABLE 4
!
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FOUNDRY "G"

1979/80E_IERGY- EFFICIENCYRECORD

MONTHORYEARRECORDED 1979- 1980

UNITS OF PRODUCTION 133 NET GOOD TONS/YR

FUEL COSTS

• Electricity $ 29,869.16

• Natural Gas I0,178.77

• Propane NONE

• Oil "

• Coke "

• Other

TOTAL 40,047.93

E_JERGY USED

• KWH 405,480 x 3,412Btu = 1383.4 Btux lO6

• Mcf Gas 3,980.5 l_./ 3980.5 Btu x 106

• Gal. Propane x 91,600 Btu = N/A

• Gal. Oil x 140,O00 Btu = N/A

• Coke - lb. x 12,500 Btu N/A

TOTALBTU 5363.9x lO6 BTU

OR
Er_ERGY USED PER UNIT OF PRODUCTION

(_lillionBtu) 5364 40.33
(Units) 133 _

COST PER MILLION BTU

(EnergyCost) 40,047.93 7.47 Cost/Btu x lO6
(Mi]lionBtu) 5364

COST PER UNIT OF PRODUCTION

(Total Cost) 40,047.93 = 301.11 Cost/Unit
(Units) 133

l_/ I Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 5
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FOUNDRY '_"

ENERGY - EFFICIENCYRECORD_/ _I

_IONTHOR YEAR RECORDED 1980 Projected (Electricalonly)

UNITS OF PRODUCTION 133
NET GOOD TONS/YEAR

FUEL COSTS

• Electricity $ 40,334

• Natural Gas 10,178.77

• Propane NONE

• Oil "

• Coke "

• Other "

TOTAL $ 50,513

ENERGY USED

• KWH 405,480 x 3,412Btu 1383.4 Btux lO6

• Mcf Gas 31980.5 x I_/ 3980.5 Btu x lO6

Gal.Propane 91,600Btu

• Gal.Oil x 140,000Btu =

• Coke- lb. x 12,500Btu =

TOTALBTU 5363.9 Btux I06

ENERGY USED PER UNIT OF PRODUCTION

MillionBtu) 5364 = 40.33
Units) 133

COST PER MILLION BTU

(EnergyCost) 50513 = $ 9.41 Cos_/Btu x I06
(MillionBtu) 5364

COST PER UNIT OF PRODUCTION

CTotalCost) 50513 $ 379.7= Cost/Unit
(Units) 133

_/ 1Mcf = I,OO0 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2/ The electricalcost shown represents1980 calendar year costs and are

based on 1979 energy consumptionwith "1980" billing rates applied.

The projected electrical cost is used as a base for calculating cost

savings by imp1_entation of demand control.

3/ All other energy costs are 1979 rates.

TABLE 6
G-8
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ANNUAL PRODUCTION

FOUNDRYCODEG CASTINGMETALBrass & Aluminum

PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE
m

JANUARY N,IA N/A i_/A N,'Ap

FEBRUARY

MARCH i

APRIL

MAY

JUNE

JULY I

AUGUST
I

SEPTEMBER

OCTOBER

NOVEMBER i

DECEMBER 25.8 II.I ,_"

TOTALS 310.0 133.0 - i $2,000,000

AVERAGEMELT TONS/DAY= N/A

REPORTED% SCRAP N/A

REPORTED% MELT LOSS N/A

AVERAGEFOUNDRYYIELD % N/A

AVERAGESALESVALUE/LB. N/A

TABLE l
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OPERATIONAL DATA FACT SHEET

HIGH FREQUENCY INDUCTION MELTING

FURNACEMAKE AJAX MAGNETHERMIC MODEL NO. N/A

FURNACESIZE N/A LBS

MELT TIME PER CYCLE N/A HRS.

MELTING RATE 900 LBS/HOUR

POURINGTEMPERATURE 2200 OF - MELT PER DAY N/A

GENERATORPOWERRATING 200 KW 3000 CYCLES

MOTOR RATING N/A HP - MOTOR VOLTAGE N/A

COOLINGWATER N/A TPM. TEMP IN N/A OF, TEMP OUT N/A OF

TYPEOFMETALMELTED BRONZE

REMARKS:

4.45 TONS PER MONTH MELTED (BRONZE)

TABLE l
G-l!



OPERATIONAL DATA FACT SHEETS

GAS FURNACE DATA

6 UNITS

Metal type: BRASS/ALUMINUM Annual tons 75 TONS

Pouring or tap temperature 1400 °F
Heat content Btu/Ib 500 Shifts/day 1

Melting period hrs. N/A Holding period hrs. N/A

METHODOFMELTING CRUCIBLE REVERB

Metal melted/hr.lbs. I00 NONE

Burner rating Btu/hr _/

Total gas usage/hr N/A

Capacity of furnace Ibs. 500

Crucible diameter APPROXo20"

Area of metal radiation sq.ft. N/A

Area of refractory wall:

Belowmetal 12SQoFT.

Abovemetal NONE i
Thicknessof wall 6"

Dooropenareaor dip well sq.ft. N/A

Mean temperature of walls °F N/A

Outer temperature of walls T1 N/A

Inner temperature of walls T2 N/A

Present refractory K value N/A

Proposed refractory K value N/A

Rs value for refractory N/A

C02 flue gas reading N/A

Combustion air cfm N/A

Combustion air wg N/A

Flue gas (or comb.} temperature N/A

Ambient temperature °F N/A

Time of day used N/A

Days/year used 240

Energy cost/therm $ 0.756

_/ BURNER_TING
4 UNITS RATESAT 2,000,000 BTU/HR
2 UNITS RATESAT 1,600,000 BTU/HR

TABLE 2
G-12
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

(2 UNITS)

LADLE CAP TOdS N/A HEAT CYCLES/DAY N/A

LADLE AREA INSIDE N/A SQ FT. LININGTHICKNESS N/A

COVERED NO TYPEOF LININGCONVENTIONALF.B

INSIDETEMP N/A OF OUTER SHELL TEMP N/A OF

AMBIENTTEMP VARIES OF

GAS USAGE/HR_ 200 (EA) CU FT, CO2 READING N/A

COMBUSTIONAIR _ N/A CR4 PRESSURE N/A WG

PREHEATCYCLE TIME N/A _ HRS FLUE TEMP N/A °F

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP NONE RECUPERATOREFFCY NONE

FUEL COST/THERM$ 0.256 ANNUAL USE 86 * BTU x lO6

NUMBEROF UNITSIN USE TWO

• BASED ON l HOUR/DAY,18 DAYS PER MONTH OPERATION

TABLE 3
±
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this study, certain input data is a
prerequisite in calculating potential energy savings from differ-
ent foundry processes. The lack of information pertaining to
combustion air analysis and gas flow rates to various equipment
precludes calculation of actual energy savings as illustrated in
SECTION II of this study.

Potential energy savings for upgrading gas-fired equipment
will be figured on a percentage basis; percentages used are con-
servative as compared to documented savings, from similar chang-
es, as recorded by the Foundry Industry.

Electrical energy savings are factual. Calculations are
based on actual kilowatts consumed by melt furnaces. Load pro-
files were developed from utility company computerized data for
15- to 30-minute periods.

___I<a,G G-14



ELECTRICAL ENERGY COST SAVINGS

Electrical power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work sheets.

Based on a sample billing period of one year, the cost reduction potential is:

1. Demand Control

Total

Normal melting demand cost _/ $5,686
_J

Demandlimited demandcost±i $4,569

AnnualSavings $1117

Percent savings = Reduction in cost 1117= = 19.6%
Normal cost of melting

For graphic illustration of methodology used in calculating
electrical savings see Figures I.

_/ See TABLE i

Z_ KaG G-15 []
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MAXIMUM DE_ND
PEAKS CONTROLLED
BY POWERDEMAND
CONTROLLER

I00- <
..J

L._

_) F ! _ I I I i I I f12:00 4:0 8:00 NOON 4:00 8:00 12:00 4:00 8:00 NOON4:00 8:00 12:00
AM AM AM

KILOWATT DEMAND PROFILE

INDUSTRIAL ELECTRICAL RATE

FIGURE 1
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DEMAND CONTROLLING

! NORMALMELTINGCOST DEMANDCONTROLLINGCOST

i r
i Kilowatt Demand Kilowatt Demand

Month l Demand Charge Demand Charge Savings %
J , ,.
J

Jan. , 113 430.60 100 380.79 49.81 11.6
I r

Feb. 1124 472.19 I 91.40 19.4

March i19 453.99 i i 73.20 16.12
i { I

I
April i 125 476.52 _ 9573 201

_ I • •

May 1124 458.19 i 77.40 16.9
[

June 123 466.98 I 86.19 18.5

July i 154 583.08 i 202.29 34.74

Aug. 1125 475.65 I 94.86 19.9

sept.I120 454.86 74.07 16.3Oct. 122 464.39 83.60 18.0

Nov. 129 490.38 109.59 22.3

lDec. 121 460.06 79.27 17.2

5,686.89 14,569.48 1,117.41 19.65

Potential yearly saving (average) = 19.65%
Based on a maximum demand of 100 kw.

TABLE ]
i i
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TOTAL MELTING ENERGY (Use actual metered consumption if available
or estimate as follows:l

Annual tons shipped = Total tons melted per year
Overall Foundry yield %

Total tons melted X averagekWh/ton = Total energy

Example:

Annualtonsshipped = 133 = 310
Foundryyield% .43

Therefore,Tons melted/yearX kWh/ton* = 310 x 500

= 155,000 KWH

Percent melting energy of total electrical usage

(a)kwh
= : %

Total Elect. Energy kwh

155,000 = 38%:

*Note: kWh/tondeterminedfrom actualmelt cycle or use industry
average for type of furnace and metal melted.

TABLE 2
G-18



UPGRADING GAS CRUCIBLE FURNACES

Total Annual Plant Gas Consumption : 39,805 therms/yr

Total Annual Gas Cost = $I0,178o00/yr

AverageCost of Gas = $O.256/therm

Approximately 95% of total gas plant usage is consumed in the melting

of metal. Therefore,gas usage attributedto this operationis:

(39,805therm/yrx 0.95) = 37,815 therms/yearo

Substantial energy savings can be realized if the present gas fired

crucible furnaces are upgraded in the following areas.

• Install high efficiency burner system and
fuel/airratio control system

• Install hot gas recuperator for combustion
air pre-heating

• Install furnace covers

" Install ceramic fiber insulated lining

If the above improvements are made, it ispossible to save approximately

51% of the gas input energy°

Potentialenergy savings (37,815x 0o51) = 19,286 therms/yr

Potentialcost savings (19,286x 0°256) = $4,937.00/yr

UPGRADINGLADLEHEATERS

Due to infrequent use of ladle heaters and the minor amount o_ energy

usage, it would be impracticable to improve their efficiency.

KaG G-19 []i
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PART F

ECONOMIC ANALYSIS

Payback period is calculated as follows:

Totalcapitalinvestment = years
Gross Energy cost reduction/year

Payback years for individual projects are listed in Part "G" based
on order of magnitude costs as follows:

• Demand Controller $ 4,000.00
• UpgradingGas Crucibles $ 50,000.00

60,000.00

The following conditions could lower the anticipation pay each
period considerably:

• Present day equipment costs used (However the energy
cost savings is based on 1979 calender year average
energy cost, except for electricity costs, which is based
on 1980 rates).

• No credit taken for government tax credit for installation
of energy savings devices.

• Calculation of return on investment utilizies life
cycle costingmethods, which take into account depreliation,
cost of money and excalation of energy test over the
life time of the equipment, could possibly make the
capital investment attractive.

K & G G-20
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PART G

SUMMARY OF ENERGY REDUCTION

SU_b_RY TABULATION

ENERGY
ITEM SAVED COST CAPITAL PAYBACK

I BTUx 106 SAVINGS INVESTMENTPERIOD
J i

I

DemandControllers 1,117 $ 4,000 3.6Yr's

Upgrading Gas Crucibles 1,928.6 4,937 $50,000 10.1Yr's

i

!

TOTAL 1,928.6 6,054 $54,000 8.9%
i

TABLE 1
G-21



FOUNDRY "G"

PROJECTED ENERGY - EFFICIENCY RECORD

ALTERNATE - 1

MONTHOR YEARRECORDED April1979- March1980

UNITS OF PRODUCTION 133 NET GOOD TONS/YR

FUEL COSTS

• Electricity $ 39,217.00_/

• NaturalGas 6,241.77

• Propane N/A

• Oil N/A

• Coke N/A

• Other N/A

TOTAL $ 45,459.00

ENERGY USED

• KWH 405,480.00 x 3,412 Btu = 1383.4 Btu x lO6

• Mcf Gas 1976.8 x l_/ 2051.9

• Gal. Propane x 91,600 Btu : N/A

" Gal. Oil x 14O,OOO Btu N/A

• Coke - lb. x 12,500 Btu N/A

• Btux106

TOTAL BTU 3435.3

Er;ERGYUSED PER UNIT OF PRODUCTION

(MillionBtu) 3435 = 25.82 Btu x IO6/tow
(Units) 133

COST PER MILLION BTU

IEnergyCost) 45,459 = 13.23 Cost/Btu x lO6
i (MillionBtu) 3435 ....

COSTPERUNITOF PRODUCTION

Total Cost) 4%459 341.79 Cost/ROB
Units) 133

l_/ l Mcf = l,OOO cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2/ Based on 1980 electric rate schedule.

TABLE 2
G-22
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i FOUNDRY"H"

PART A

GENER,AL DESCRIPTION

A nonferrous foundry producing brass castings of average 18-pound

weight. Green sand molding system of 6 TPH capacity supplies squeezer

type machines. One 8-hour shift per day, 5 days per week, is worked.

FACILITIES

Building area 20,000 SF

Manningtotal 12 - 15

Shipments 87.4 tons/year

Sales value $1,300,O00/year

Foundry yield 50% net good compared to gross pour weight

MELTING FURNACES

Capacity

1 x 300 lb. electric induction (lift coil) 1,000 Ibs/hr 180 kW

rating.

I x 3,000 lb. tilt furnace (used with above power unit).

1 x 100 lb. gas-fired alum crucible furnace.

EQUIPMENT

Green sand molding with squeezer machine is supplied with sand from

overhead delivery system. Shell core requirements are purchased out-

side. Oil sand cores are produced by hand. Cleaning operations include

abrasive and bandsaw cutoff and grinders.

)-i.KmG H-2 []
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FOUNDRY "H"

ELECTRICAL POWERUSAGE TABLE (GENERAL PLANT SERVICE)

FUEL

BILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS
BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE

i' CHARGE 81LL NETBILL

i JANUARY]979 36,000 226 1,533.00- (34.00) 273.00 1,806.00 $ ],772.00

. FEBRUARY1919 33,600 228 ],500.00 (35.00) 275.00 ],175.00- 1,740.00

MARCH]979 40,000 227 1,729.00 (35.00) 274.00_ 2,003.00- 1,968.00

TAPRIL]979 38,320 246 ],674.00 (37.00) 293.00 ],967.00 1,930.00
=

MAY ]979 38,720 254 ],698.00 (39.00) 301.00 ],999.00 1,960.00

JUNE]979 42,880 266 1,85].00 (40.00) 3]3.00 2,164.00 2,124.00

JULY1979 34,240 263 1,525.00 (40.00) 3]0.00 1,835.00 ],795.00

AUGUST]979 48,880 265 2,046.00 (40.00) 317.00 2,363-001 2,323.00 i

SEPTEMBER1979 3],600 274 1,422.00 (42.00) 32].00 ],743.00 ],701.00 I
i

OCTOBER]979 28,400 280 ],285.00 (40.00) 307.00 ],592.00 1,552.00 I

NOVEMBER1979 28,320 260 -1,289.00 (40.00.) 307.00 ],596.00 1,556.00

ii DECEMBER]979 29,280 264 1,329.00 (40.00) 3ll.O0 1,640.00 1,600.00

TOTALS 430,240 _ _ 18,88].00 (462.00) 3,602.00 22,483.00 i22,02].00

Average Electrical Cost - 22021
430240 $O.051/kwh

TABLE I
H-3
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FOUNDRYH

ELECTRICAL POWER USAGE (LIGHTS, GENERAL OFFICE)

I FUEL iBILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS
BILLINGPERIOD IENERGYKWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

J_UARY 1979 J 3,320 N/A N/A N/A N/A N/A $ 179.79

FEBRUARY1979 i 3,510 N/A N/A N/A N/A N/A 192.02

MARCH 1979 i 3,290 N/A N/A N/A N/A N/A ]83.58

APRIL 1979 i 3,490 N/A N/A N/A N/A N/A 191.25

MAY 1979 3,770 N/A H/A N/A N/A N/A 202.00

JUNE 1979 i 3,790 N/A N/A N/A N/A N/A 202.70

JULY 1979 i 3,770 N/A N/A N/A N/A N/A 202.00

AUGUST 1979 4,150 N/A N/A N/A N/A N/A 217.47

SEPTEMBER 1979 4,150 N/A N/A N/A N/A N/A 216.58

OCTOBER1979 ! 3,650 N/A N/A N/A N/A N/A 197.58
t

NOVEMBER 1979 3,]20 N/A N/A N/A N/A N/A ]77.2]

DECEMBER 1979 ! 3,490 N/A N/A N/A N/A N/A 191.42

TOTALS 43,500 $2,353.60

COST SUMMARY (ALL SERVICES)

SERVICE KWH COST

l
LIGHTS,GENERALOFFICE I 43,500 $ 2,353.60

GENERAL PLANT SERVICES ! 430,240

i

22,021.00

TOTALS 473,740 I$ 24,374.6

24,374.6
AVERAGE COST PER KWH = 473,740 $ 0.051

TABLE 1
H-4 Sheet2 of2



FOUNDRY "H"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

JANUARY1979 610 61.0 $ 144.00

FEBRUARY1979 597 59.7 143.00

MARCH1979 412 41.2 I01.00

APRIL1979 525 52.5 127.00

MAY 1979 315 31.5 82.00

JUNE1979 332 33.2 94.00

JULY1979 325 32.5 92.00

AUGUST1979 292 29.2 84.00

SEPTEMBER1979 279 27.9 82.00

OCTOBER1979 266 26.6 80.00

NOVEMBER1979 315 31.5 93.00

DECEMBER1979 366 36.6 llS.00

TOTALS 4,634 463.4 $ 1,237.00

HEAT CONTENT OF GAS = N/A. BTU/CU FT (FROM BILL)

100,000 BTU = 1 THERM

COST OF GAS = 1,237 = $ 0.266 PER THERM
4,634

TABLE 2H-5 Sheet1 of1



FOUNDRY."H"

DESCRIPTION AND POWERUSAGE OF ELECTRICAL EQUIPMENT

I !

OPERATION I iEQUIPMENT TYPE CAPACITY 'HRS/DAYDAYS/MO. H.P. KW SERVICE
W , , , I i ,

FURNACE INDUCTION 1.000# 180

I r I I I I I I

BAGHOUSE i 30i

I ! ' ' ' ' '
REI_#&ININGP!_ANTLOADS N/A

I i ! F I I p I i
I

I I I I I I [ I I

I
I I I i I I I I I

i t I

I I I I I I I I I

| I l I I I I I |

I I I I I I I

i

i t ) I I I I . i

I I I I I I ' ' I

I
i ! f f r I i I i

I I I I I l I I I

I I I I I I I

I J I I I ] I I |

I I I i I I I I I

i
/

J i i ! i _ J r W

i I I [ I I I i
i

I t I I I I I I I

I i i t _ I I

TABLE 3
, !
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FOUNDRY "H"

DESCRIPTION AND FLOW RATES OF GAS-FIRED EQUIPMENT

BURNERS OPERATION
, AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH
i I ! I

COREOVEN i 5'x4'x5' 1 ATMOS.
TUBULAR 8 22 70 I00

i I ! I

PIT
CRUCIBLE (250#) 1 PREMIX 4 2 50 750

l I i I

I

LADLEHEATER 1 ATMOS. 8 22 25 _I 50
i

SPACEHEATER 1 ATMOS. 25 50

I I i

I I i

I i !

i 'i
: j
I I I

i ! I "l

I

TOTALS I 170 950

TABLE4
H-7 Sheet1of1



FOUNDRY "Hi'

1979 ENERGY - EFFICIENCY RECORD

_IONTHOR YEAR RECORDED 1979

UNITS OF PRODUCTION 87 NET GOOD TONS/YEAR

FUEL COSTS

• Electricity $ 24,374.00

• NaturalGas 1,237.00

• Propane

• Oil

Coke

• Other

TOTAL $ 25,611.00

E_IERGY USED

" KWH 473,740 x 3,412Btu = 1,616.4 Btu.x IO6

• Mcf Gas 463.4 l_/ 463.4 Btu x 106

• Gal. Propane x 91,600 Btu = -"

• Gal.Oil x 140,000Btu : ""

• Coke - lb. x ]2,500 Btu = ""

• =

TOTALBTU 2,079.8 Btux lO6

EtlERGY USED PER UNIT OF PRODUCTION

Million Btu) 2,079.8 = $ 23.9 8tu x lO6 Btu/ton
Units) 87tons

COST PER MILLION BTU

(EnergyCost) 25,611 12.31= $ Cost/Btu x lO6
(MillionBtu) 2,079.8

COST PER UNIT OF PRODUCTION

Total CostI 25,611 = $ zg4.37 Cost/Unit
Units) 87

I_/ 1 Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 5
g-8
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FOUNDRY "H"

ENERGY-EFFICIENCYRECORD 2/ 3/

MONTHORYEARRECORDED 1980Projected(Electriconly)

UNITSOFPRODUCTION 87

FUELCOSTS Netgoodtonsperyear

• Electricity $ 29,806 _/

" NaturalGas 1,237.00

• Propane None

° Oil None

" Coke None

• Other None

TOTAL $ 31,043

ENERGY USED

• KWH 473,740 x 3,412Btu : h_l_,4 Btux lO6

" Mcf Gas x 1_/ 463.4 Btu x 106

• Gal. Propane x 91,600 Btu = None

• Gal. Oil x 140,OOOBtu None

• Coke - lb. x ]2,500 Btu None

= None

TOTALBTU 2,079.8 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

Million Btu) 2,079.8 : 23.9 Btu x 106/Ton
Units) 87

COST PER MILLION BTU

(EnergyCost) 31,043 : $ 14.9 Cost/Btu x lO6
(MillionBtu) 2,079.8

COST PER UNIT OF PRODUCTION

ITotal : 356.8 Cost/Ton
Cost) 31,043 $

Units) 87

_/ 1Mcf : 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

_/ The electricalcost shown represents1980 calendaryear costs and
are based on 1979 energy consumption wlth 1980 billing rates applied.
The projected electrical cost is used as a base for calculating cost
savingsby implementationof demand control.

3/ All other energy costs are 1979 rates.

TABLE 6
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PART C

ANNUAL PRODUCTION

FOUNDRYCODE H CASTINGMETAL Brass

PERIOD MELT TONS SHIPPEDTONS HEAT TREAT TONS SALES VALUE

JANUARY N/A N/A N/A N/A

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER
i

OCTOBER

NOVEMBER

DECEMBER i v v

TOTALS 175.0 87.4 $I,300,000

AVERAGEMELT TONS/DAY = N/A

REPORTED% SCRAP N/A

REPORTED% MELT LOSS N/A

AVERAGEFOUNDRYYIELD% 50,0

AVERAGESALES VALUE/LB. $7.43

TABLE I
N-lO
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

LADLE CAP TOdS 0.02 HEAT CYCLES/DAY 1

LADLEAREA INSIDE 6 SQ FT. LININGTHICKNESS 2"

COVERED NO TYPE OF LINING N/A

INSIDETEMP 1,500 OF OUTER SHELL TEMP N/A OF

AMBIENTTEMP OF

GAS USAGE/HR 25 CU FT, CO2 READING

COMBUSTIONAIR None CFM PRESSURE N/A WG

PREHEATCYCLE TIME N/A HRS FLUE TEMP N/A OF

REFRACTORYK VALUE N/A RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUEL COST/THERM$ 0.266 ANNUAL USE 6.6 BTU x lO6

NUMBER OF UNITS IN USE

TABLE ]
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OPERATIONALDATAFACTSHEET

CORELESS INDUCTION FURNACE

Furnacemake N/A TransformerKVA 180 kW

Model Lift Coil Primary Voltage N/A

Capacity 300/1_300lb. SecondaryVoltage N/A

Output tons/yr.

tons/day

Allo_ Brass

Meltcycle minutes

TapQuantity Ibs.

ChargeQuantit_ Ibs.

Taptemperature OF

Holdingtemperature 2,200 OF

Slagcycle minutes

Fumecollection CFM

Water cooling .... GPM, Temp ......... in OF ........Out OF

Type of Refractory.

Energy consumption 254,000 KWH/YR

Energy Cost 5.1 _/KW

TABLE 2
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this study, certain input data is a prere-

quisite in calculating potential energy savings from different foundry

processes. The lack of information pertaining to combustion air anal-

ysis and gas flow rates to various equipment precludes calculation of

actual energy savings as illustrated in SECTION II of this study.

Potential energy savings for upgrading gas-fired equipment will be

figured on a percentage basis; percentages used are conservative as

compared to documented savings, from similar changes, as recorded by the

Foundry Industry.

Electrical energy savings are factual. Calculations are based on

actual kilowatts consumed by melt furnaces. Load profiles were devel-

oped from utility company computerized data for 15- to 30-minute

periods. !

J

J
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ELECTRICAL ENERGY COST SAVINGS

Electrica] power cost savings can be realized by improved controls and
changes in melting energy usage as calculated in the following work
sheets.

Based on a sample billing period of one year. The cost reduction po-
tential is:

i. Demand Control

Total

Normal melting demand cost -1/ $7,221

Demand limited demand cost _/ 5,160

Annual Savings $2,061/yr

Percent savings : reduction in cost = 2,061 : 28.5%
normal demand cost of melting

For graphic illustration of methodology used in calculating
electrical savings see Figure 1.

I/ Work sheet Table 1 and 2.
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DEMAND CONTROLLING

NORMAL MELTING COST DEMAND CONTROLLINGCOST

Ki|owatt Demand Kilowatt Demand
Month Demand Charge Demand Charge Savings %

Jan. 124 $533.30 100 430.08 $103.22 19.4

Feb. 125 537.60 107.5220.0

March 125 537.60 107.52 20.0

April 135 580.62 150.54 25.9

May 140 602.12 172.04 28.6

June 146 627.93 197.85 31.5

July 145 623.63 193.55 31.0

Aug. 146 627.93 197.85 31.5

Sept. 151 649.43 , 219.35 33.8

Oct. 154 662.33 232.25 35.0

Nov. 143 615.03 184.95 30.0

Dec. 145 623.63 193.55 31.0
$7,221.15 !5,160.96 $2,060.19

Potential yearly savings (average) = 28.5%
Based on a maximum demand of 100 kw.

TABLE 1
i
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TOTAL MELTING ENERGY (Use actual metered consumption if available
or estimate as follows:)

Annual tons shipped = Total tons melted per year
Overa|l Foundry yield %

Total tons melted X average kWh/ton = Total energy

Example:

Annual tons shipped = 87.4 = 175
Foundry yield % .5

Therefore, Tons melted/year X kWh/ton* = 175 x 1,500

= 262_500 KWH

Percent melting energy of total electrical usage

= (a) kwh : %
Total Elect. Energy kwh

262,500 : 55%
473,740

*Note: kWh/ton determined from actual melt cycle or use industry
average for type of furnace and metal melted.

TABLE 2

H-18



Upgrading Ladle Preheater

The following approximate savings can be realized by improvements
to:

Burner efficiency

Insulation added to
Lining

Cover added

If the above improvements are made approx 50% reduction in gas
usage is possible.

Potential savings = 6.6 x 10_ x 0.5
3.3 x 10v BTU/year

@ $0.266 per therm, cost savings
= 3.3 x 106 x 0.266 = Sg

100,000

In view of the minor savings for this size of equipment, the chagnes
are not viable.
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ECONOMIC ANALYSIS

The calculationof payback period is as follows:

Capital Investment = years
EnergyCost Savings/Year

In this foundry, the economic savings are obtained by control of
electric load demand as summarized in Section G.

Equipment costs are estimated to be $4,000.

The following conditions could lower the anticipated payback period
considerably:

• Present day equipment costs used. However, the energy cost
savings is based on 1979 calendar year average energy cost
except for electricity cost, which is based on 1980 billing
rates.

• No credit taken for governmenttax creditfor installationof
energy-saving devices.

• Calculation of return on investment utilizing life-cycle
costing methods, which take into account depreciation, cost of
money and escalation of energy cost over the lifetime of the
equipment, could possibly make the capital investment
attractive.

J
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PART G

SUMMARYOF ENERGY REDUCTION

SUMMARY TABULATION

ENERGY COST PAYBACK
ITEM SAVED SAVINGS CAPITAL PERIOD

BTUx 106 $ INVESTMENT YEAR

DemandControllers -- $2,060 $4,000 1.9

TOTAL -- $2,060 $4,000 1.9

TABLE l
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FOUNDRY "H"

PROJECTED ENERGY EFFICIENCY RECORD

MONTH OR YEAR RECORDED 1980

UNITS OF PRODUCTION 87.4 Tons

FUEL COSTS

• Electricity $ 27,745 _/

• NaturalGas 1,237

• Propane

• Oil

• Coke

• Other

TOTAL 28,982

ENERGY USED

KWH 473_740 x 3,412 Btu 1,616.4 Btu x lO6

• Mcf Gas 463,4 -- l./ 463.4 Btu x 106

• Gal. Propane.... x 91,600 Btu

• Gal.Oil x 140,000Btu

• Coke- lb. x 12,5DOBtu

TOTALBTU 2,079.8Btux 106

E_;ERGY USED PER UNIT OF PRODUCTION

(MillionBtu) 2,079.8 _ 23.9 x 106 Btu/ton
(Units) 87.4

COST PER MILLION BTU

(EnergyCost) $24,837 : 13.93 Cost/Btu x IO6
(MillionBtu) 2,079.8

COST PER UNIT OF PRODUCTION

(Total Cost} $28,982 = 331,6 Cost/Unit
(Units) 87.4

I_/ I Mcf = 1,000 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

2/ 1980 projected electricalcosts.

TABLE 2
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FOUNDRY "I"

PART A

GENERAL DESCRIPTION

Foundry produces a range of sand casting in red brass, yellow brass

70 mag. brass, Navy M and Navy C brass. Aluminum alloys 356 and

tensalloy on 1 shift, four days per week.

FACILITIES

Buildingarea N/A

Manningtotal 40

Annual Shipments 780 tons

Annual Sales $5.0 million

MELT FURNACES

Capacities:

1 Electric Furnace lO001bs

4 Gas furnaces 8001bs (Ave. 1.5 hrs. cycle)

EQUIPMENT

5 squeezer molding units, 2 cope and drag type molding machines

are supplied with sand from a 25 HP sand muller with delivery system.

Core making is shell and oil sand. Cleaning room facilities includes

blast cabinet, cut-off jaws and grinders. Compressed air is supplied

by 2 units having a total 75 HP capacity.

Z]KaG I-2 []
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FOUNDRY "I"

E_CTRICAL POWERUSAGE TABLE

FUEL I
iiBILLINGPERIOD ENERGYKWH DEMAND _ACTOR C. RGE CHARGE CHARGE BILL I NET BILL

BILLING POWER EN:RGY ADJUSTMENT DEMAND GROSS

i JANUARY 1979 26,640 N.- NIA . N/_ NIA NIA I N/A I NIA
[

i FEBRUARY!979 36,000 I J I I

MARCHI_. ,,9: k .i I
APRIL 1979 -i 56,4' i

; MAY"_79 _5,761 i

i JUNE1979 62,16r i

JULY1979 59,520 i

: AUGUST1.79 65,520 I

SEPTEMBER 1979 55,680 i
i

OCTOBER1979 66,240 I

NOVE_.IBER1979 31,440 I i ._
DECEMBER1979 2a.480 _'

;TOTALS 605,761 _ _/ _" _Lz xL/ ! $38,113L/

Average electricitycost : 38,113 : _J.O621KWII
605.76|

TABLE I :
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FOUNDRY "I"

ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

Jan. 1979 II_817 1 _181 N/A

Feb. 1979 12,282 1,228 Ii

Mar. 1979 lO,llO l,Oil

Apr. 1979 I0,371 l,037

May 1979 10,818 1,081

June 1979 11,146 1,114

July 1979 9,584 958

Aug. 1979 9,480 948

Sept. 1979 9,170 917

Oct. 1979 9,126 912

Nov. 1979 8,932 893
/

Dec. 1979 9,362 936

TOTALS 122,198 12,219 $29,429I-/

HEAT CONTENTOF GAS = N/A BTU/CU FT (FROM BILL)

100,000 BTU = 1THERM

COSTOF GAS = 29,429 = 0.240 PER THERM
122,198

TABLE 2
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FOUNDRY "I"

DESCRIPTION AND POWER USAGE OF ELECTRICAL EQUIPMENT

t i ' OPERATION KW

EQUIPMENT i TYPE CAPACITY HRS/DAYDAYS/MO H.P. SERVICE
i ; _ i i t

MELT FURNACE_1 GAS (ALUMIMUM) 250# 1

MELTFURNACE#2 GAS(BRASS) 800# 3

I p i _ i I

i MELTFURNACE#3 GAS(BRASS) 800# 3
i

l ! i r i

MELTFURNACE#4 GAS(BRASS) 800# 3

I i

MELTFURNACE_5 ELECTRICINDUCTION 1,000#

I t

HYDRAULICFURNACEPUMP 8

J t

LADLE 300# I-I/2

i i i I I I

HAWLEY UNIT ]

' ' ' I 1 '
MULLER 25

I ! i

BUCKET ELEVATOR

l I i

SANDSCREEN 5

1 P i , !

AIRCOMPRESSOR GARDNERDENVAR 25

I i , I I 1

AIR COMPRESSOR WORTHINGTON 50

I I i I I

BLASTCABINET 26

I I i l I I

, DUST COLLECTOR 7-I/2
I
i

I I I i I I

TABORSAW 10

' ' I ' i
BANDSAWS _ 6 i

t t t i i J I
i

GRINDER 9 I

i 7_i/2 !BOLTGRINDER I l

, I , _ I , i i
LARGEDUSTCOLLECTOR I 40 1

TABLE 3
I-5 Sheet] of 2
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FOUNDRYt'l"

DESCRIPTIONANDPOWERUSAGEOF ELECTRICALEQUIPMENT

OPERATION i

EQUIPFCENT TYPE CAPACITY HRS/DAY DAYS/MOI H.P. KW SERVICE

MISCELLANEOUS 40

I

I !]

i J I
TOTAL

i ! 281i210I

I ! ,
J iI ,

I

i i

I I ' I

! , ,i

, f
i

I
i

l ,

i j

I

i

TABLE 3
I-6 Sheet2 of2
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FOUNDRY "I"

DESCRIPTION AND FLOW P,ATES OF GAS-FIRED EQUIPMENT

BURNERS OPERATION I
.AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH
i i I |

FURNACES(3) CRUCIBLE 3 PREMIX II 22 i 2,076 4,800
I I I I

FURNACES(21 CRUCIBLE 2 PREMIX 16 22 433 1,000
I I f I

LADLEHEATERS(2) 2 H.P.ATMOS 16 22 216 500
ii

| i i

COREOVEN l MULTI- 16 22 173 400
ATMOS

I , ,

PITFURNACE l PREMIX 16 22 216 500

i i

SMALL CORE
MACHINES(4) _ 32 ATMOS 16 22 346 800

t i i

SPACEHEATERS(2) 2 ATMOS 8 22 200 200
i i i

WATERHEATERS l ATMOS 40 40

J i |

i
i l i --

TOTALS _ 3,700 8,240

TABLE 4
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FOUNDRY"I"

1979ENERGY-EFFICIENCYRECORD

_ONTHORYZARRECORDED 1979

UNITSOFPRODUCTION 780

FUELCOSTS _etgoodtonsshipped

• Electricity $ 38,113

• NaturalGas 29,429

• Propane --

" Oil --

• Coke --

• Other --

TOTAL $ 67,540

ENERGY USED

• KWH 605,761 x 3,412Btu = _,066 Btux lO6

• Mcf Gas 12_219 x I/ 12,219

• Gal. Propane -- x 91,600 Btu = --

° Gal.Oi] -- x 140,000Btu = --

• Coke- lb. -- x 12,500Btu = --

TOTALBTU 14,285 Btux IO6

ENERGY USED PER UNIT OF PRODUCTION

(MillionBtu) 14,285
(Units) 780tons = 18.3 lO6 Btu.oerton

COST PER MILLION BTU

(EnergX Cost) 67,540 4.72 Cost/Btu x lO6
(Million Btu) 14,285

COST PER UNIT OF PRODUCTION

(Total Cost) 67,540 86.58 Cost/Unit
(Units) 780tons

l_/ l Mcf = l,O00 cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 5

I-8 L



FOUNDRY "I"

ENERGY-EFFICIENCY RECORD _

MONTH OR YEAR RECORDED 19GO Projected (ElectricityOnly)

UNITSOFPRODUCTION 780
Net good tons per year

FUEL COSTS

• Electricity $ 42_893

• NaturalGas 29,429

Propane NONE

' Oil NONE

Coke NONE

• Other NONE

TOTAL $ 72,322

ENERGY USED

• KWH 605_761 x 3,412Btu = 2,066 Btux lO6

• Mcf Gas 12,219 I_/ 12,219 Btu x lO6

" Gal.Propane x 91,600Btu =

• Gal.Oil x 140,000Btu =

• Coke- lb. x 12,500Btu =

TOTALBTU 14,285 Btux lO6

ENERGY USED PER UNIT OF PRODUCTION

MillionBtu) 14_285 18.3 Btux 106/ton
Units) 780

COST PER MILLION BTU

(EnergyCost) 72,322 $ 5.06 Cost/Btux lO6
(MillionBtu) 14,285

COST PER UNIT OF PRDDUCTIO$I

Total Cost) 72,322 = $ 92.72 Cost/Unit
Units) 7BO

]_./l Mcf = l,OOO cu.ft./hr - See Gas Bill for Btu content/cu.ft.

The electricalcost shown represents1980 calendaryear costs and are based on 1979 energy
consumption with ]980 billing rates applied. The projected electrical cost is used as a
base for calculating cost savings by implementation of demand control.

3_/All other energy costs are 1979 rates.

TABLE 6
I-9
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ANNUAL PRODUCTION

FOUNDRYCODE I CASTINGMETALBrass & Aluminum

PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE

JANUARY 128.4 62.6 N/A N/A

FEBRUARY 120.2 58.6

MARCH 156.7 76.4

APRIL 132.5 64.6

MAY 163.3 79.6

JUNE 135.4 66.0

JULY 138.5 67.5

AUGUST IC8.7 72.5

SEPTEMBER 128.4 62.6

OCTOBER 140.7 68.6

NOVEMBER 100.5 49.0

DECEMBER 106.7 52.0 _ _/

TOTALS 1,600.0 780.0 _ $5,000,000

AVERAGEMELT TONS/DAY: 7,5

REPORTED%SCRAP I0.0

REPORTED%MELTLOSS I0.0

AVERAGEFOUNDRYYIELD % 48.7

AVERAGESALESVALUE/LB. N/A

TABLE ]
1-10 j
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OPERATIONAL DATA FACT SHEET

CORELESS INDUCTION FURNACE

(NO DATA AVAILABLE)

Furnacemake TransformerKVA

_!odel PrimaryVoltage

Capacit_ SecondaryVoltage

Output tons/yr.

tons/day

Allo_

Melt cycle minutes

TapQuantity Ibs.

ChangeQuantity. Ibs.

Taptemperature OF

Holding temperature OF

Slagcycle minutes

Fume collection CFM

Water cooling ....GPM, Temp.........in OF .......Out OF

Type of Refractory.

Energy consumption KWH/YR

Energy Cost _/KW

TABLE l
I
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OPERATIONAL DATA FACT SHEET

GAS MELT FURNACEDATA

Metal type: Aluminum+ Brass Annual tons 780

Pouringor tap temperature 2200 °F

Heat contentBtu/Ib Shifts/day One

Meltingperiodhrs. 8 Holdingperiodhrs. 16

METHODOFMELTING CRUCIBLE REVERB

Metal melted/hr.lbs. 2,000

Burner rating Btu/hr 1.5 x 106

Total gas usage/hr 2,500

Capacityof furnaceIbs. 2,000

Cruciblediameter 36" -

Area of metal radiationsq.ft. 4.0

Area of refractory wall:

Belowmetal 110

Above metal

Thicknessofwall 6

Dooropenareaor dipwellsq.ft.

Meantemperatureofwalls°F

Outer temperatureof wallsTl 100°

Inner temperatureof walls T2 3,0OO°F

Present refractoryK value N/A

Proposed refractory K value

Rs value for refractory

C02fluegasreading 6%COp

Combustionair cfm N/A

Combustionair wg N/A

Flue gas (or comb.) temperature 1,000°F

Ambient temperature°F

Timeofdayused

Days/yearused 240

Energy cost/them $ 0.275

TABLE 2
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OPERATIONAL DATA FACT SHEET

LADLE PREHEAT DATA

LADLECAPTOI_S N/A HEATCYCLES/DAY N/A

LADLEAREAINSIDE N/A SQ FT. LINING THICKNESS N/A

COVERED No TYPEOF LINING Conventional F.B

INSIDE TEMP N/A OF OUTERSHELLTEMP N/A OF

AMBIENTTEMP Varies OF

GASUSAGE/HR 216 CU FT, CO2 READING N/A +

COMBUSTIONAIR N/A CFM PRESSURE N/A WG

PREHEATCYCLETIME N/A HRS FLUETEMP N/A °F

REFRACTORYK VALUE NfA RS VALUE N/A

BLOWERHP None RECUPERATOREFFCY None

FUELCOST/THERM$ 0.275 ANNUALUSE 912 BTU x 106

NUMBEROF UNITS IN USE Two

TABLE 3
1-14
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PART E

ENERGY CONSERVATION POTENTIAL

METHODOLOGY

As discussed throughout this Study, certain input data is a pre-

requisite in calculating potential energy savings from different foundry

processes. The lack of information pertaining to combustion air

analysis and gas flow rates to various equipment precludes calculation

of actual energy savings as illustrated in SECTION II of this Study.

Potential energy savings for upgrading gas-fired equipment will

be figured on a percentage basis; percentages used are conservative as

compared to documented savings, from similar changes, as recorded by

the Foundry Industry.

Electrical energy savings are factual. Calculations are based on

actual kilowatts consumed by melt furnaces. Load profiles were devel-

oped from utility company computerized data for 15 to 30 minute periods.



Electrical Energ_ Cost Savings

Electrical power cost savings can be realized by improved controls

and changes in melting energy usage as calculated in the following

worksheets.

Based on a sample billingperiodof one year, the cost reduction

potential is;

I. Demand Control

Total

Normalmeltingcost 9,622
!/

Demandlimitedcost 6T840

AnnualSavings 2,782

Percent Savings = Reductionin cost = 2,782 = 29%
Normal cost of melting 9,622

For graphic illustration of methodology used in calculating

electrical savings see Figure I.

Worksheet Table l and 2

K_G 1-16 []
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DEMAND CONTROLLING

I .

NORMALMELTINGCOST DEMANDCONTROLLINGCOST
I'

I Kilowatt Demand Kilowatt DemandMonth Demand Charge Demand Charge Savings %

Jan. 21l 801.80 150 570 231.8 28,9

Feb. I t F

March _ I

April ' !

May
i

June I
, i F

July _ Ii ! : r
I I

Aug. i !

Sept.

Oct. i ]
NOV. _ i

t
Dec. i v "_ v

I 9,621.6 6,840 2,781.6
V

.., I ! "

Potential yearly savings (average) = 29%
Based on a maximum demand of 150 kw.

TABLE 1
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TOTAL MELTING ENERGY (Use actual metered consumption if available
or estimate as follows:}

Annual tons shipped = Total tons melted per year
Overall Foundry yield %

Total tons melted X average kWh/ton = Total energy

Example:

Annualtonsshipped = 780 = 1,601
Foundry yield °',o .487

Therefore, Tons melted/year X kWh/ton* =1,601 x 250

= 400,250 " KWH

Percent melting energy of total electrical usage

KWH = 400,250 = 66%
Total Elect. Energy KWH 60_,_/61

*Note: kWh/ton determined from actual melt cycle or use industry
average for type of furnace and metal melted.

TABLF 2
1-19



UPGRADING GAS FIRED FURNACES

The following table su_arizes the probable cost and energy savings by
carrying out all of the possible improvements previously covered in
examples°

EFFICIENCY

ITEM PERCENT
INCREASE

CombustionEfficiency 25.0%
PreheatComb°Air 26.0%
RefractoryUpgrade 6°4%
FurnaceCovers 2.6%

TOTAL 31.8%

OverallThermal Efficiency = 60°4%
Present Efficiency (Approximate) = 28.6%
Increased Efficiency = 60.4 - 28°6 = 31o8%

Annual cost savings based on percentage of natural gas used for melting
is as follos:

averageCFH _/ = 3,700

Meltingusage = 2,509

Percentage = 67.8%

Annual gas consumption2/ = 12,219x 106 BTU

Meltingusage = 12,219x 106 x 0.678

: 8,285.8x 106 BTU/Year

@ 31.8% improvementin efficiency_/ from original level, the

change in usage is equal to;

8285.8 x 0.318 = 2,635 x 106 Btu

Annual cost reduction @ 0.275 per therm

= 2,635 x 106 x 0.275
100,000

= $ 7,246/year

I/ Ref. Table 4
_/ Ref. Table 2
_/ Ref. Section II (B-21)
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PART "F"

ECONOMIC ANALYSIS

Payback period is calculated as follows;

Capital Investments
= years

Energy Cost Savings

In this facility, the electrical cost savings have been estimated

based on similar savings shown to be attainable at other foundries. The

cost of demand control equipment is in the order of $ 4,000 with result-

ing payback of:

Capital Investment $ 4,000
Energy Cost Savings/yr.=_ = 1.43yrs.

Gas fired furnace payback based on order of magnitude costs of

approximately $65,000 for the 5 units

= _ = 8.9years

Ladle lining and burner improvements are not considered viable due

to size and low gas usage.

)" K a G 1-21
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PART G

SUMMARYOF ENERGY REDUCTION

SUMMARY TABULATION

i

ENERGY
ITEM SAVED_ COST CAPITAL PAYBACK

BTU x 106 SAVINGS INVESTMENT PERIOD
I

DemandControllers 2,782 $ 4,000 1.43

Upgrading Crucible

Melt Furnaces 2,635 7,246 65,000 8.9

, I

TOTAL 2,635 $10,028 $69,000 6.8
L
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FOUNDRY "I"

PROJECTED ENERGY-EFFICEINCY RECORD

_IONTHOR YEAR RECORDED 1979/80

UNITS OF PRODUCTION 780

FUEL COSTS

• Electricity. $ 40_1112_/

• NaturalGas 22,183

• Propane

• Oil

• Coke

• Other

TOTAL $ 62,294

ENERGY USED

• KWH 605,761 x 3,412Btu = 2,066 Btux IO6

• McF Gas 9,584 X IJ 9,584 Btu x 106

• Gal.Propane x 9],600Btu =

• Gal. Oil x 140,000Btu =

• Coke - lb. x 12,500 Btu

TOTALBTU 11,650 Btux 106

ENERGY USED PER UNIT OF PRODUCTION

(MillionBtu) II,650 = 4.9 Btu x 106
(Units) 780

COST PER MILLION BTU

IEnergyCost) 62,294
Million Btu) 11,650 = 5.34 Cost/Btu x 106

COST PER UNIT OF PRODUCTION

(Total Cost) 62,294
(Units) 780 = 79.86 Cost/Unit

I__/1Mcf : l,OOO cu.ft./hr - See Gas Bill for Btu content/cu.ft.
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